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Abbreviations are used as recommended in the "Biochemica] Journal Instruc-
tions to Authors" (Biochemical Society, 1975), wi th the additions hsted below, 
bp : base pairs 
K b ; Kilobase pairs 
cDNA : Complementary D N A 
ds-DNA : Double stranded D N A 
ss-DNA : Single stranded DNA 
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poly(A)+ RNA : polyadenylated RNA 
SDS : Sodium dodecyl sulphate 
BSA : Bovine serum albumin 
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C h a p t e r 1 . I n t r o d u c t i o n 
1-1. General Introduction 
Plant breeding is the techniques of making good plants which have good traits 
for human and of improving the efficiency of a crop variety. The major crops are 
harvested for their seed, and the seed proteins are of economic importance. 
The seed legumes and cereals comprise the most important source of vegetable 
protein for consumption by man and his livestock in many parts of the world, their 
seeds providing about 70% of the dietary protein of human's consumption (Barton 
and Br i l l , 1983). However, despite their nutritive value, cereal grains and legume 
seeds have some serious imbalances wi th respect to essential amino acids for mono-
gastric animals such as poultry and pigs. The legume seeds are generally deficient in 
sulphur amino acids, cysteine and methionine whereas cereal proteins are deficient 
in lysine, threonine and tryptophan (Spencer, 1984). An important improvement 
in the nutrit ional value of seed storage proteins to make them better suited to the 
dietary requirement of humans and animals is thus highly desirable. 
However, because of the intrinsic heterogeneity of storage proteins, the efforts to 
improve the quality and productivity without understanding the contributing molec-
ular features have revealed their limitations (Day, 1986). Firstly, they produced 
plants which required a high level of crop management. Secondly, conventional 
inbreeding brought about crops susceptable to major disease outbreaks. 
The advent of genetic engineering, and the ability to transfer functional DNA 
between desperate organisms, the ability to make smah defined changes in putative 
key regulatory molecules, provide a powerful new means for investigating all aspects 
of ])lant function at the molecular level. 
To take advantage of these adva.nces, considerable efforts have been devoted 
to the characterisation of storage proteins and to the study of their synthesis and 
deposition in the developing seeds of legume and cereal crop. The new knowledge 
which have been acquired through the genetic engineering will provide a scientific 
basis for the improvement of the nutri t ional value of the proteins. 
The structural and functional characteristics of speciahsed eukaryotic cells de-
pend on the production of specific proteins by regulated differential expression of 
only a portion of the genetic information. I t seems that a fundamental part of this 
process in eukaryotes (as in prokaryotes) is regulated by shearing or by specifically 
designed partial restriction endonuclease digestion at any step in the flow of genetic 
information. 
The understanding of the molecular basis of transcriptional control presupposes 
extensive information about the structure and organisation of specific genes and 
their associated sequences in the genome. Such information can be gained by using 
a,s model systems highly differentiated cells, specialised in the production of a few 
well chara.cterised proteins. 
Recently, interests have been concentrated on the seed proteins for the same 
reason, not only for the nutrit ive one. 
Storage protein synthesis is a strictly controlled process whereby certain tissues 
produce a few specific proteins in vast quantities during precise periods in the dif-
ferentiation of the seed. The specificity of storage protein synthesis, being the result 
of temporally and spatially regulated gene expression, therefore jjrovides an ideal 
system for investigating the mechanisms of gene regulation. Now, an increasing 
amount of work focuses on the developing seed as a model system of gene regulation 
studies (Sorenson, 1984; Higgins, 1984). 
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1-2. Pea Storage Proteins 
Seed storage proteins are generally defined as any proteins which ( l ) accumu-
late in the seed in significant quantities; (2) occur only in the seed; and (3) can be 
hydrolysed to release its constituent amino acids that are then used as a source of 
nitrogen, suljjhur and some carbon by the seedling during germination and early 
growth (Spencer, 1984). Using a classification system based on the solubility of 
proteins in different solvents, i t was found that legume seeds contained primarily a 
group of proteins extractable wi th 5% saline and which were categorised as globulins. 
Globulins consist of two major types of protein fractions, legumin-like and vicilin-hke 
(Schroeder, 1982). Legumin type of globulins has a molecular mass of approximately 
360,000( r2S), consisting of six similar subunits (of approximately 60,000 Mr) , ea.ch 
of which in tu rn contains an acidic and a basic polypeptide (approximately 40,000 
and 20,000 M r , respectively) covalently hnked through a disulphide bond. Glob-
ulins of the vici l in type have a molecular mass of approximately 180,000-200.000 
Mr (7-9S) and a more complex subunit structure than legumins with no involve-
ment of disulphide Ijonds. The relative proportions of these types of proteins vary 
considerably wi th in the Leguminosae (Spencer, 1984). 
Pisum sativum is a typical legume, containing approximately equal amount of 
both types of proteins which together account for 70% of the seed protein though 
there is some variation among different genetic lines. This l l S and 7S globuhns 
are called legumin and vicilin respectively. Both legumin and vicihn are composed 
of bubunits which exhibit a significant amount of size and charge heterogeneity. 
Legumin is consisting of six subunit pairs, as described ahove, these subunit pairs 
are synthesised as a 60,000-Mr precursor polypeptide (Wright ei al, 1974; Croy 
et 1980; Gatehouse ct ai, 1988). Vicilin is composed of three subunits of Mr. 
approximately 50,000 originating f rom a pool of highly homologous, though variable, 
polypeptides: at least 11 genes code for the different pea vicilin subunits (Gatehouse 
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et a/., 1984; Watson et ai, 1988). The vicihn subunits undergo post-translational 
glycosylation proteolysis and possibly deamidation to various degrees (Gatehouse 
et a/., 1982, 1983), adding to their heterogeneity. Since pea seeds specialise in 
the production of legumin and vici l in , developing pea seeds are good experimental 
material for studying the molecular basis of the regulation of genetic information. 
Poly(A)"'' n iRNA isolated f rom pea cotyledons of developing pea seeds constitutes 
about 1% of total RNA, exhibits an average size of 18S and encodes the precursors of 
the major storage proteins : legumin (60,000 Mr precursor), vicilin (50,000 Mr, and 
47,000 M r precursors) (Evans et a/., 1980). From the cDNA library of poly(A)+ 
mRNA of pea cotyledons and genomic library of pea, the molecular features of 
development and regulation of corresponding gene have been well studied (Sorenson, 
1984; Chrispeels, 1984), 
1-3. cDNA Library 
If the m R N As corresponding to proteins are purified, they can serve as proljes 
to identify the respective structural genes. Therefore, such systems offer the op-
]3ortunity of a direct biochemical study of the chromosomal arrangement of specific 
genes. To this approach, however, because of the general unavailability of specific 
mRNAs, very few genetic systems are amenable. And the complexity of the eukary-
otic genome excludes, in general, the direct purification of single-copy structural 
genes by conventional methods. One of the ways to accomplish this is DNA cloning, 
by using two complementary methods: the construction of libraries of eukaryotic 
DNA and the cloning of double-stranded cDNA (ds-cDNA). 
Libraries are formed by cloning of random fragments of chromosomal DNA (gen-
erated iDy shearing or by specifically designed partial restriction endonuclease diges-
t ion). The library is complete if the number of derived clones is large enough for 
complete sequence representation (Efstratiadis and Villa-Komaroff, 1979). Com-
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plete libraries have been constructed f rom total chromosomal DNA of several or-
ganisms wi th a wide spectrum of genome sizes. In principle, any gene of interest 
can be isolated f rom the library by the use of a specific hybridisation probe. 
In practice, the generation of pure probes is often a very difficult biochemical 
task, particularly when many different m R N A species are present in a system, some 
of them in extremely small amounts. One way (and in certain cases the only way) of 
isolating individual sequences inuseful amounts is to convert the entire mRNA popu-
lation of a system into ds-cDNA and produce homogeneous probes through cloning. 
This is primarily the rea,son that, in the study of a system, ds-cDNA cloning usually 
precedes the construction of a library. In conjunction wi th direct RNA sequencing, 
cloned ds-cDNA can be used in sequencing studies for the determination of the pri-
mary structure of an mRNA. Since the coding region of eukaryotic structural genes 
is often interrupted by introns (Tilghman et a/., 1978; Breathiiack et al.. 1977). 
m R N A sequences essential for comparison with that of the corresponding gene 
after its isolation f rom a. library. Moreover, mRNA sequence information is im-
portant for evolutionary studies and studies concerning secondary structure or the 
funct ion of the noncoding regions. Double-stranded cDN.A can also be employed in 
studies concerning the expression of eukaryotic sequences m bacteria. It allows the 
determina.tion of the gene, i.e. the precise location of its introns and of the 5' and 3' 
termini of its mRNA, by a comparison of the cDNA and genomic DNA nucleotide 
sequences. 
cDNA clones isolated f rom a clone bank may be analysed by a variety of tech-
niques: hybridisation to previously characterised DNA molecules, hybrid-selection 
of mRNAs followed hy release of the mRNA and in vitro translation, sizing of cDNA 
inserts on agarose or polyacrylamid gels, and mapping of restriction enzyme cleavage 
sites (see Maniatis et al.. 1982). Ultimately, sequence analysis must be undertaken 
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for the fullest characterisation of a cloned gene, and the development of rapid DNA 
sequencing techniques has become a corner-stone of recombinant DNA technology 
(Maxam and Gilbert, 1980; Messing, 1983). These techniques make i t possible to 
determine the exact nucleotide sequences of genes and their putative controlling 
elements. 
The aim of this project was to isolate poly(A)"'' R N A f rom developing pea pod 
and subsequent cDNA synthesis and cloning in plasmid pUCl9 , then screening of 
transformed colonies wi th cDNA probes of pea pod and leaf by colony hybridisation. 
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C' h a p t e r 2 . C' h e m i c a 1 s A n d M e t h o d s 
Cliem icals 
Methods 
C hem icals 
Reagents, unless otherwise menth ioned , were purchased f r o m B D H Chemicals 
L t d . , Poole, Dorce t , U K . T h e f o l l o w n i g materials were purchased f r o m the desig-
n a t e d sources. 
c D N A synthesis k i t w h i c h has been used i n c D N A synthesis of pea pod and 
Sepha.dex G-50, and F icoh 400 were f r o m Pharmac ia Fine Chemicals, Uppsala, 
Sweden. 
Ni t roce l lu lose filters ( B A 8 5 , 0.45 //.m) were f r o m Schleicher and Schi i l l , Ander-
m a n and Co. L t d . , Surrey, U K . 
3 M M paper was f r o m W h a t m a n L t d . , Maids tone , Ken t , U K . 
B a c t o - T r y p t o n e , Bac to-Agar and Bacto-Yeast E x t r a c t were f r o m Di fco Labora-
tor ies , D e t r o i t , Adichigau, U S A . 
Ca.lf in tes t ina l a lkal ine phosphatase, endonuclease-free E.coli D N A polymerase 
I, T 4 polynucleot ide kinase, T 4 D N A ligase were f r o m The Boehringer Corpora t ion 
( L o n d o n ) L t d . 
c D N A synthesis k i t used for leaf c D N A synthesis and radiochemicals were f r o m 
A m e r s h a m . L i t e r n a t i o n a l Pic. Amersham, Bucks., U K . 
R a n d o m p r i m e d D N A label l ing k i t was f r o m Boeringer Mannhe im. 
c D N A t rans fo rmants of pea pod were supplied by M r . D . Bown. 
P o l y ( A ) + n i R N A of pea leaf was a generous g i f t f r o m Dr . L M . Evans. 
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M e t h o d s 
Part 1. Pr imary D N A Works 
2-1-A. Pheno l E x t r a c t i o n 
D N A was ext rac ted w i t h phenol to get r i d of any proteins in the solut ion. A t 
f i r s t , the sample was made up to a cer tain volume w i t h T E buf fe r , then an equal 
v o k m i e of phenol was added, vor tex m i x e d , and centr i fuged for 2 m i n at room 
tempera ture . T h e aqueous layer was taken o f f in to a new tube , a.nd an equal amount 
of T E buf fe r was added to the phenol , then vor tex mixed , centr i fuged. The aqueous 
layer was removed to the previous ly ext rac ted one. The combined aqueous layer 
was ext rac ted w i t h an equal amount of p h e n o l / c h l o r o f o r m (1:1) m i x t u r e , then equal 
amount of ch lo ro fo rm. 
2-1-B. E t h a n o l P rec ip i t a t i on 
D N A and R N A was recovered in solutions by ethanol p rec ip i t a t ion . Sodium 
acetate (3 M , pH4.8) was added to a final concentra t ion of 0.3 M . T h e n 2.5 volumes 
of etha,nol was added, stored at - 2 0 ° C for at 2 h. The D N A / R N A was precipi ta ted 
by ce n t r i f uga t i on , and the pellet was washed w i t h 70% ethanol , then the pellet was 
dissolve in an appropr ia te solut ion. 
2-1-C. D N A Gel Electrophoresis 
2 - 1 - C - l . Agarose Gel Electrophoresis 
1.4 g of agarose in 180 m l of dis t i l led wa,ter was dissolved by bo i l ing . A f t e r 
coohng down a b i t , 20 m l of lOx gel buffer and 20 fd of e t h i d i u m bromide solution 
were added. Then i t was poured onto the gel f r ame and let cool down completely. 
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T h e gel was placed on the gel t ank , and I x gel r u n n i n g buffer (1,900 m l of D . W . , 
200 m l of lOx gel bu f fe r , 100 fil of E t B r ) was poured. A quarter volume of agarose 
loading m i x t u r e was added to samples to be analyzed, then the samples were loaded 
to the gel slots. A f t e r se t t ing up the voltage or current of the power supplier, gel 
electrophoresis was pe r fo rmed . 
2-1-C-2. M i m - g e l Electrophoresis 
0.35 g of agarose was dissolved i n 45 m l of D . W . by boihng. A f t e r cooling down 
a b i t , 5 m l of lOx T B E buffer and 5 ^d of E t B r so lu t ion were added. The solution 
was poured to the m i n i gel f r ame , and cooled down completely. 50 m l of I x T B E 
conta in ing 1 ^d E t B r was made up as the r u n n i n g buf fe r . T h e samples were loaded 
to the gel slots as described in the agarose gel electrophoresis. Then the gel was run 
at 50 m A for 30 m i n and chequed on the U . V . l igh t . 
2-1-D. Res t r i c t i on of D N A w i t h Res t r i c t ion Enzymes 
D N A molecules were digested w i t h type-2 res t r ic t ion endonucleases in one of the 
3 buffers recommended by Mania t i s et a.l. (1982). T h e buffers were those shown in 
Table2-1 . 
Table2-1 Res t r i c t ion Endonuclease Digest ion Buffers 
Buf f e r T r i s - H C l p H 7 . 5 ( m M ) MgCl2 D T T ( m M ) N a C l ( m M ) 
Low Salt 10 ( m M ) 10 1.0 -
M e d i u m Salt 10 10 1.0 50 
High Salt 50 10 1.0 100 
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General ly, the enzymes were used at a concentra t ion of 2 -5u / / ig of D N A and 
incuba ted at the t empera tu re recommended by the manufac turers for at least 3 h . 
For digest ion of min i -p repared p l a smid D N A , 25 fig /ml of RNase (pre-boiled for 
30 m i n t o inac t iva te c o n t a m i n a t i n g DNases) were inc luded i n the react ion m i x t u r e . 
2-1-E. L i g a t i o n 
D N A molecules w i t h compa t ib le , p r o t r u d i n g ends were covalently joined by treat-
men t w i t h T 4 D N A hgase i n a m i n i m a l volume of l iga t ion buffer (66 m M T r i s - H C l 
pH7..5, 5 niM M g C l ? , 5 m M D T T conta in ing 1 m M A T P ) . Cohesive t e rmin i were 
l iga ted at 1 5 ° C for at least 3 h . 
2-1-F. Bac te r i a l T r a n s f o r m a t i o n 
2 - 1 - F - l . CaCl2 M e t h o d 
E.coli J M 83 cells were used i n t r ans fo rma t ion of D N A . The cells were made 
competent l^y t r ea t ing in CaCl? so lu t ion . F r o m the overnight JM83 culture, -500 .^1 
was inocu la ted to 100 m l sterile Y T m e d i u m , then incubated at 3Y°C w i t h shaking. 
A f t e r the O.D.eeo had 5 reached to 0.-5 ( i t took about 4-.5 h ) , cells were cooled on 
ice for 10 m i n and cent r i fuged. T h e supernatant was removed and the precipitate 
w'as resuspended i n 40 m l of 0.1 M C a C h and lef t on ice for 1 h . The cells were 
cen t r i fuged again as before and resuspended careful ly in 2 m l of CaCl2 solut ion, 
then kept on ice. 100 jjX of cells were taken f r o m i t and added to the sample of 
D N A to be t r ans fo rmed , then s tood on ice for 20 m i n . Heat shock was carried out 
at 3 7 ° C fo r -5 m i n , 1 m l of Y T m e d i u m added and incubated at 3 7 ° C for I h . 100 / i l 
a,]i(]uots o f the t r ans fo rmed cells were j j la ted on Y T - a m p . - X g a l plates and incubated 
overn ight . T h e remainder of the t r an s fo rma t ion m i x was stored at 4 °C . 
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2-1-F-2. Apce l Method 
Cells (competent cells, stored at - 8 0 ° C ) i n an Eppendor f tube were thawed in 
hands u n t i l j u s t t hawed and then l e f t on ice for 10 m i n . A f t e r add i t i on of D N A (up 
to 2 /5 volume of cells;use no more t h a n 100 ng per 200 / / I cells), the was left on 
ice f o r 14-45 m i n , heat shocked at 4 2 ° C for 90 seconds, then re turned to ice for 2-3 
m i n . 800 / j \ of Y T m e d i u m (or L B - b r o t h ) was added at room temperature , then 
the t u b e was incuba ted at 3 7 ° C f o r 50-60 m i n w i t h gentle shaking. F ina l ly , cells 
were p la ted on selective agar plates. 
2-1-G. M i n i p r e p a r a t i o n of Plasmids 
2 - 1 - G - l . A lkahne Lysis M e t h o d 
5 m l of m e d i u m conta in ing the appropr ia te an t ib io t i c was inoculated v/ i th a 
single bac ter ia l colony, incubated at 3 7 ° C overnight w i t h vigorous shaking. From the 
cu l tu re , 1.5 m l was poured in to an Eppendor f t ube , centr i fuged and the remainder 
of t he cu l tu re was stored at 4 ° C . T h e m e d i u m was removed f r o m the tube leaving 
the bac ter ia l pellet as d ry as possible, then the pellet was resuspended i n 100 /d of 
an ice-cold solut ion of: 
50 n i M glucose 
10 m M E D T A 
25 m M . Tris-Cl(pHS.O) 
I t was stored fo r 5 m i n at r o o m tem])erature. A f t e r a.dding 200 / d of a freshly 
prepared solut ion of: 
0.2 N N a O H 
1 % SDS 
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the contents were m i x e d by inve r t ing the t u b e r ap id ly for several t imes, then 
stored on ice fo r 5 m i n . 1-50 / / . I of the ice-cold solut ion of 5 M potass ium acetate 
was added, vor texed gently, then stored on ice fo r -5 m i n . A f t e r cen t r i fuga t ion for 
•5 m i n , the superna tant was t ransferred to a f resh tube , then equal vo lume of phe-
n o l / c h l o r o f o r m m i x t u r e was added, .mixed by vor t ex ing . A g a i n af ter cen t r i fuga t ion 
fo r 2 m i n , the supernatant was t ransferred to a fresh tube , and two volumes of 
e thanol was added at r o o m tempera ture , m i x e d by vor tex ing then s tood at room 
tempera tu re fo r 2 m i n . Supernatant was removed af ter cen t r i fuga t ion and the pellet 
was washed w i t h 70% ethanol . Then the pellet was dr ied in a vacuum desiccator 
and dissolved m -50 of T E (pHS.O) conta in ing RNase (20 /^.g / m l ) . F ina l ly 10 
/ i l of the so lu t ion wa.s removed to a new tube t o be restr icted w i t h a restr ic t ion 
enzyme, then analyzed by gel electrophoresis. 
2-1-G-2. M o d i f i e d A lkahne Lysis M e t h o d 
As in the alkaline lysis m e t h o d , 10 m l of Y T m e d i u m conta in ing an an t ib io t ic 
was inocula ted w i t h a bacter ia l colony, and incubated overnight at 3 7 ° C . A f t e r 
cen t r i fuga t ion most of the supernatant removed, then the pellet was resuspended 
200 fd of so lu t ion ] , tra.nsferred to an Eppendor f tube, ke]3t on ice for 30 m i n . 
600 / i l of solut ion 2 was added, mixed gently and inverted several times. Then 
4-50 /.d of solut ion 3 was added and inverted a few t imes whi le the D N A clot is 
f o r m i n g , kept on ice f o r 60 m i n , centr ifuged to ]3roduce almost clear supernatant. 
F r o m this supernatant 1100 jA was removed to a new Ep j j endor f tube, to this 500 
/;.] of cold iso]3ropa.nol was added and the t ube was ke]3t at - 2 0 ° C for at lea.st 30 
m i n . A f t e r cen t r i fuga t ion fo r 5 m m , the supernatant was removed and the pellet 
was redissolved m 200 / i l of O . l M sodium ac.etate/0.05 M Tr i s .C l (pH6.0) , then 
re]3reci])itated by adding 500 / / . I of cold e thanol , l e f t at - 2 0 ° C for at least 30 m i n . 
T h e pellet of cen t r i fuga t ion was washed w i t h 1 m l of cold 70% ethanol , then vacuum 
dr ied . F i n a l l y the pellet was dissolved in 50 / i l of water. 
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2-G-2-a So lu t ion 1 
2 m g / m l lysozyme 
50 m M glucose 
10 m M E D T A 
25 m M T r i s - H C l (pH8 .0 ) 
2-G-2-b Solu t ion 2 
0.2 N N a O H 
1 % SDS 
2-G-2 -C So lu t ion 3 
3 M S o d i u m acetate (pH4.8) 
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Part 2. c D N A Cloning 
2-2-A. E x t r a c t i o n of R N A ( H o t SDS M e t h o d ) 
2 - 2 - A - l . Homogen iza t ion 
T o t a l R N A was ex t rac ted f r o m p lan t samples by the hot SDS me thod . A t first, 
p lan t samples were w a r m e d to - 2 0 ° C ( they had been stored at - 8 0 ° C ) and D T T 
solid (5 mM) was added, gr inded in a frozen mor t a r . Homogeniza t ion buffer (0.2 
m l / g sample) was heated to 100°C and added to the gr inded solid ( f i n a l temperature 
6 0 - 7 0 ° C ). T h e n homogen iza t ion was carr ied out using P o l y t r o n , and isoamyl alcohol 
was added a,s needed to reduce foaming . 
2-2-A-2. Proteinase Diges t ion 
T h e homogenized sample was cooled to below 4 0 - 5 0 ° C and proteinase K (0.5 
m g / m l of bu f t e r ) was added, then incubated fo r 1 h at 3 7 - 4 0 ° C . 2 M K C l (0.2 m l / g 
of sample) was a,dded then cooled on ice to prec ip i ta te K-dodecy l sulphate. A f t e r 
cen t r i fuga t ion at 10 K, fo r 10 m i n , the supernatant was removed to a new bo t t l e and 
solid L i C l was added to 2 M concentra t ion then centr i fuged again, the pellet was 
taLen and washed twice w i t h cold 2 M L i C l so lu t ion . The pellet was dissolved in 
0.2 M potass ium acetate, then centr i fuged again. To the supernatant 2.5 volume of 
e thanol was added and prec ip i ta ted overnight at -'20°C . F ina l ly , the precipi tate of 
cen t r i fuga t ion was taken. 
2-2-A-3. Phenol E x t r a c t i o n 
T h e pel le t w h i c h h a d l^een taken above was dissolved in water , and phenol , chlo-
r o f o r m , i soamyla lcohol (25:25:1) m i x t u r e (2 m l / g of the plant sample) was added, 
then shook wel l . A f t e r cen t r i fuga t ion at 10 K f o r 10 m i n , the aqueous layer was 
removed to a new b o t t l e a,nd phenol ex t rac t ion was repeated once again. To the 
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aqueous so lu t ion , 3 M sod ium acetate so lu t ion was added to the final concentrat ion 
of 0.3 M , t hen 2.5 volumes of e thanol added to prec ip i ta te R N A . A f t e r overnight 
i n c u b a t i o n at - 2 0 ° C , R N A was prec ip i ta ted by cen t r i fuga t ion and R N A was either 
stored or used in the p u r i f i c a t i o n of p o l y ( A ) " ' ' R N A . 
2-2-B. m R N A p o l y ( A ) + P u r i f i c a t i o n 
2 - 2 - B - l . O l i g o - ( d T ) Chromatography 
Polyadenyla ted R N A was p u r i f i e d f r o m t o t a l R N A by the o l i g o - ( d T ) cellulose 
chromatography . A t first, the resm was equi l ibra ted w i t h loading buffer , then i t was 
poured in to a, 5.0 m l Di spoco lumn or pasteur p ipe t te . A f t e r washing the column 
w i t h 3-column volumes of loading buf fe r , the O .D . of eff luent was chequed and base 
l ine was set up . T h e t o t a l R.NA dissolved in water was heated to 6-5°C for -5 . m m . 
A n ec[ual amoun t of 2x loading buffer was added and cooled i n ice, then the whole 
so lu t ion was loaded t o top of the co lumn a,nd the co lumn was washed w i t h 2 column 
volumes of l oad ing buf fe r . The p o l j - ( A R N A was eluted w i t h 2-3 volumes of sterile 
e lu t ion buffer . A f t e r collecting the peak f r ac t i on , i t was heated at 6 5 ° C for 5 min 
and chi l led on ice. A n equal amount of 1 M L i C l solut ion was added and then 
a]5])lied to the c o l u m n again. The co lumn was washed w i t h loading buffer and then 
e lu ted w i t h e l u t i n g bufl'er as before. S o d i u m acetate (3 M , pH4.S) was added to a 
final concen t ra t ion of 0.3 M to the collected peak f rac t ions and poly(A)" '" R N A was 
p rec ip i t a t ed w i t h 2.5 volumes of e thanol at - 2 0 ° C , then the pellet was dissolved in 
water . 
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2-2-B-2. H y b o n d - m A P 
H y b o n d - m A P f r o m A m e r s h a m has been used to p u r i f y poly(A)" '" R N A . A n 1cm 
square of H y b o n d - m A P was cut i n - 2 0 ° C w i t h sterile scissors and i t was wet ted w i t h 
2x SSC, t hen b l o t t e d on sterile 3 M M paper. The D N A sample made to 2x SSC 
w i t h 0.1 vo lume of 20x SSC. 20 jjl of R N A solut ion was a l iquoted onto the H y b o n d 
on a piece of Nescof i lm and i t was allowed to be soaked i n for 10 m i n , then b lo t ted 
on 3 M M paper. A f t e r a l l , i t was repeated u n t i l the whole R N A passed th rough the 
paper. T h e n the paper was placed fo r 3x 10 m i n m 3 x 5 m l of 0.5 M NaCl solution 
and i t was placed in 70% e thanol fo r 2 m i n , b lo t t ed to d ry on 3 M M paper. A n d 
the paper was rol led in to a smal l Eppendor f t ube and to this 200 /d of HpO was 
added, then i t was spun d o w n to expel air bubbles and heated at 7 0 ° C for 5 m i n . 
F ina l ly , the l i q u i d was removed to a fresh t ube by p ipe t te and the residual was s])un 
out t h r o u g h a hole in the base of the small tube in to the larger one. Then 10 / / . I 
was taken out and the C D . at 260 n m was chequed. T h e remainder was stored at 
- 8 0 ° C . 
2-2-C. Analysis and Storage of R N A 
2 - 2 - C - l . Gel Electrophoresis of R N A 
Gel electrophoresis of R N A was per formed according to the method described 
by M c M a s t e r s and Carmichael (1977). Deionized glyoxal was used in the denatu-
r a t i on of R N A . R N A glyoxa.lation was carried out by placing those solutions in an 
E p p e n d o r f t u b e in order: 
20 n.] of redis t i l led D . M . S . O . 
2.0 /i.l of 0.2 M sodium phosphate buffer (pH6.S) 
5.7 / / . I of deionized g lyoxal 
12.3 f d of the sample R N A m H2O 
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I t was incuba ted for 1 h at 5 0 ° C . D u r i n g the i ncuba t ion an agarose gel was 
prepared as fo l lows: 1.5% H i g h Gel l ing tempera ture agarose i n 120 m l (1.8 g) of 10 
m M . sod ium phosphate bufl:er (pH6 .8 ) was poured on the H y d r o p h i l l i c side of a sheet 
of Ge lbond cut (a f te r being immersed in water ) to fit inside the tank. A n adjustable 
wel l fo rmer was used to produce deep wells. T h e n , a submarine t ank w i t h o u t feet 
was set on t w o slow magnet ic stirrers a l l on a level l ing table and a per is ta l t ic p u m p 
was set up t o c i rcula te the buf fe r . T h e gel on gel b o n d was placed in tank and the 
bufl'er was added to jus t cover the gel. T h e gel bond was weighed down to prevent 
cu rhng w i t h glass rods a long the sides. Agarose beads dye made up in runn ing 
buf fe r was added to the g lyoxala ted samples and they were loaded in to the wells. 
Gel was r u n at 100 V w i t h s t i r r i ng and buf ler rec i rcu la t ion . A f t e r r unn ing , the gel 
was stained in f reshly prepared acridine orange (30 mg/1) in runn ing buffer for 5 
m i n in the dark at 4 ° C . T h e n i t was destained in r u n n i n g buft'er as above overnight . 
2-2-C-2. Analysis of R N A w i t h Spectrophotometer 
T h e concentra t ion of R N A i n a solut ion was es t imated by spectrophotometer. 
T h e O . D . at 260 n m was used in the es t imat ion as fo l lows: 
D = A / 2 5 X B / C 
A O.D.260 
B the t o t a l vo lume of sample m the photocel l 
C the volume of R N A sample added to ])hotocell 
D concentra t ion of R N A solut ion ( / ig / / v l ) 
T h e O . D . at 260 n m of R N A of 1 fig /jj.l was assumed to be 25. The p u r i t y of 
R N A in the solut ion was chequed by comparison of O .D.260 and O.D.280-
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2-2-C-3. Storage of R N A 
R N A v/as dissolved i n water and stored at - 8 0 ° C . 
2-2-D. c D N A Synthesis 
2 - 2 - D - l . Pha rmac ia K i t 
c D N A synthesis k i t f r o m Pharmac ia has been used to s3'-nthesise c D N A w i t h 
cohesive ends f r o m poly(A)" ' " R N A for the inser t ion in to p lasmid vectors. The 
system contained the f o l l o w i n g components: 
2-2-D-1-a: F i r s t - s t r and react ion m i x , M u r i n e reverse transcriptase, R N A guard, 
bovine serum a l b u m i n , 
o l i g o - ( d T ) i 2 - i s p r imer , d A T P , d C T P , d G T P , and d T T P , in aqueous buffer 
2-2-D-1-b: D T T aqueous solut ion 
2-2-D-1-c: Second-strand reaction m i x E.cohKNa.seR and D N A polymerase 1 in 
aqueous bufl'er con ta in ing d N T P s 
2 - 2 - D - l - d : E c o R l adaptors: aqueous solut ion 
2-2-D-1-e: Klenow fra.gment: buffered g lycerol solut ion 
2-2-D-1-f: T 4 po lynuc leo t ide kinase: buffered glycerol solut ion 
2-2-D-1-g: A T P aqueous solut ion 
To 1-5 / i g of poly(A)" '" R N A in a mic rocen t r i fuge tube , water was added to a 
t o t a l vo lume of 20 iJ.\ and heated at 6 5 ° C f o r 10 m i n , then chilled on ice. The 
first-strand react ion m i x was br ie f ly s]nnned t o collect the solut ion at the b o t t o m , 
1 fi] D T T solut ion was added, then the heat-denatured added, mixed well . The 
t u b e was incuba ted at 3 7 ° C fo r 1 h . T h e second-strand reaction mix was br ief ly 
sjDinned, and t o this the first-strand react ion was transferred, then mixed well . I t 
was incuba ted at 1 2 ° C f o r 1 h and at 2 2 ° C fo r 1 h , then 1 ; / . l of Klenow f ragment 
wa.s a.dded and incubated at 3 7 ° C for 30 m i n . D u r i n g the last incuba t ion , a s])un 
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c o l u m n was prepared (2 -2 -D) . 100 / / . I of p h e n o l / c h l o r o f o r m m i x t u r e was added to 
the react ion so lu t ion , vor texed , then cen t r i fuged fo r 1 m i n . T h e aqueous layer was 
collected and c D N A was pu r i f i ed on the spun co lumn. T h e co lumn eff luent was used 
d i r ec t l y i n the a d d i t i o n of E c o R I adaptors . 
2-2-D-2. A m e r s h a m c D N A Synthesis K i t 
c D N A synthesis system f r o m A m e r s h a m used to produce double stranded c D N A . 
T h e system conta ined components as fo l lows: 
2-2-D-2-a: Reverse transcriptase 
2-2-D-2-b: O l i g o - ( d T ) p r imer 
2-2-D-2-c: F i r s t - s t r and react ion buffer 
2-2-D-2-d: H u m a n placental ribonuclease i n h i b i t o r ( H P R I ) 
2-2-D-2-e: S o d i u m pyrophosphate 
2-2-D-2-f: Deoxynucleot ide m i x 
2-2-D-2-g: K c o / z R N a s e H 
2-2-D-2-h: E.coH D N A polymerase I 
2-2-D-2-i : T 4 D N A polymerase 
2-2-D-2- j : Second-strand reaction buf fe r 
Substrate R N A was thawed and placed on ice, then the first-strand synthesis 
reac t ion was set u p m a 1.5 m l microcen t r i fuge tube on ice. T h e components were 
added in the order given below: 
1. 5x first s t rand synthesis rea.ction buffer 4 
2. Sod ium pyrophosphate solut ion 1 
3. H P R I 1 
4. Deoxynucleot ide m i x 2 
5. O h g o - ( d T ) 1 
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6. P o l y ( A ) + R N A 2 
7. Wate r 9 
T o t a l 20 
T h e y were m i x e d gent ly and spun fo r a few seconds, then 20 uni ts of reverse 
t ranscr iptase per ug of poly(A)" '" R N A were added, incuba ted at 4 2 ° C for a m i n i m u m 
of 40 m i n , placed on ice. To the first-strand c D N A synthesis m i x , the fo l l owing 
components were added in the order: 
2-2-1. F i r s t s t rand c D N A reaction m i x 20 
2-2-2. Second s t rand c D N A react ion buf fe r 37.5 
2-2-3. co/i ribonuclease H 1 
2-2-4. E.coli polymerase I 5 
2-2-5. Wa te r 36.6 
T o t a l 100 ;d 
They were m i x e d gent ly and incubated sequentially at r2°C for 60 m i n and 2 2 ° C 
for 60 m i n and then 7 0 ° C fo r 10 m i n . 2.0 un i t s of T 4 D N A polymerase per mic rogram 
of or ig ina l poly(A)" '" R N A were added, mixed gently, then inculcated at 3 7 ° C for 10 
m i n . The react ion was stopped by adding 10 / i l of 0.25 M E D T A (pHS.O) and 10 ^d 
of 10% SDS, per 100 /d of final rea.ction m i x . Then the c D N A was phenol extracted 
and e thanol p rec ip i t a ted , and the pellet was dissolved in water. 
2-2-E. Prepara t ion and Use of Spun Columns 
Spun colunms were used in the pur i f i ca t ion of c D N A . T h e y v.'ere ])art of the 
Pharmac ia c D N A synthesis k i t and prepared as described in the directions. The 
s]3un c o l u m m n was inverted several times to resuspend the Sephacryl S-200 gel. I n 
a rack, i t was set upr igh t and the gel was allowed to settle down . The top cap, then 
the b o t t o m one were removed. The co lumn was allowed to d ra in . W i t h l iga t ion 
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buf fe r the co lumn was equ i l i b ra t ed , then 4 m l of the selected buffer was added, then 
d ra ined . T h i s washing was repeated once. The co lumn was placed i n a 15 m l glass 
Corex t u b e and was cen t r i fuged f o r 2 m i n at app rox ima te ly 400 g m a swinging 
bucket ro to r . T h e c D N A sample was s lowly applied t o the center of the flat surface 
at the t o p of the compacted bed. A 1.5 nrl mic rocen t r i fuge tube was placed in the 
b o t t o m of a 15 m l Corex tube . T h e loaded co lumn was inside this Corex tube , w i t h 
the t i p of the co lumn inside the mic rocen t r i fuge tube , was centr i fuged fo r 2 m i n at 
400 g i n a swing ing bucket ro tor . T h e effluent was collected and used in the next 
step. 
2-2-F. A d d i t i o n of E c o R I A d a p t o r s 
E c o R I adaptors were added to the synthesized c D N A to insert in to a vector 
res t r ic ted w i t h the same enzyme. T h e f o l l o w i i n g reagents were added to the spun 
c o l u m n ef l luent which had been made at the c D N A synthesis step ( 2 - 2 - D - l ) : 
E c o R ] A d a p t o r so lu t ion : X / i l (where X = / i g R N A used for c D N A synthesis) 
A T P so lu t ion : 1 / / I 
T 4 D N A hgase : 3 / i l 
T h e y were m i x e d gently, spun br ie f ly , then incubated at 12°C overnight . To stop 
the react ion, the react ion m i x t u r e vv'as heated at 6 5 ° C fo r 10 m i n resul t ing in the 
d e n a t u r a t i o n of D N A ligase, then chi l led on ice. T h e n 10 //,1 of A T P solut ion and 
1 i^i] T 4 polynucleot ide kinase were added, mixed gent ly and incubated at 3 7 ° C for 
30 m i n . F ina l ly , D N A was ext rac ted w i t h phenol and the aqueous layer was applied 
t o the spun c o l u m n . 
2-2-G. Dephosphory la t ion of D N A 
D N A was dephosphoryla ted by C I P (calf in tes t ina l akaline phophota.se). A t 
first, D N A was dissolved in a m i n i m u m volume of 10 m M Tr i s .C l (pHS.O), then the 
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f o l l o w i n g solutions were added: 
lOx C I P buf fe r 5 ^1 
H2O to 48 lul 
C I P 
0.01 uni t s of C I P were needed to remove the t e r m i n a l phosphates f r o m I pmole 
of 5' ends of D N A (1 pmole of 5' ends of a 4 - K b linear D N A was 1.6 /ig ) . To 
dephosphory la te p r o t r u d i n g 5 ' t e r m i n i , the react ion n f i x t u r e was incubated at 3 7 ° C 
fo r 30 n i i n , then a second a l iquot of C I P was added and incuba t ion was continued fo r 
f u r t h e r 30 m m . To stop the reac t ion , 40 / i l of H j O , 10 fi] of lOx S T E and 5 /d of 10% 
SDS were a,dded, and then heated to 6 5 ° C for 15 m i n . F ina l ly , dephosphorylated 
D N A was ext rac ted w i t h pheno l and prec ip i ta ted by ethanol , then dissolved in water. 
2-2-H. Inser t ion of c D N A i n t o Vector 
T h e c D N A was l iga ted in to a vector w i t h E c o R I overhangs. Three l igat ions, 
us ing a re la t ive ly smal l p o r t i o n of the t o t a l c D N A available, were per formed to 
compare the su i t ab i l i t y of d i f fe ren t vector; insert rat ios. A t first, the volume of the 
final column, eff luent f r o m Methods (2-2-D) was adjus ted to 150 ^1 , using l iga t ion 
buf fe r . 1 /.d A T P solut ion was d i lu t ed to 10 /d w i t h l iga t ion buffer . Three l iga t ion 
reactions were set up according to the table below(X=/./ .g R N A used for c D N A 
synthesis) 
Table2-2 Reactions of Inse r t ion of c D N A in to Vector 
React ion 1 2 3 
C o l u m n eff luent 3 0 / X 1 5 / X 1 0 / X 
L i g a t i o n buf fe r to 30 to 30 to 30 
Vector 2 2 2 
D i l u t e d A T P 3 3 3 
T 4 D N A ligase 1 I 1 
T o t a l 36 fj.l 36 fi\ 36 fi\ 
Each react ion t ube was vortexecl gently, spun br ief ly , then incubated at 1 2 ° C 
f o r 4-16 h . Us ing par t or al l of the three di f ferent l i ga t i on reactions, t r ans fo rma t ion 
was p e r f o r m e d as described m Methods (2-1-F-2) . 
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Part 3 Construct ion and Screening of c D N A Library 
2-3-A. Master Plates 
2 - 3 - A - 1 . C o n s t r u c t i o n of Mas te r Plates 
Fresh Y T - a m p . - X g a l plates were warmed to r o o m temperature . A nitrocellulose 
filter was l a i d , g r idded side up , on the pla te , handhng the filter w i t h b lun t tweezers 
by the edge. Each w h i t e colony f r o m t rans fo rmed cells which had been grown on Y T -
a m p . - X g a l plates was t ransfer red to the ni t rocel lu lose filter using sterile too thp ick . 
A 2-3 m m streak was made in the square of the g r i d on the nitrocellulose filter. The 
steps were repeated u n t i l a l l the squares were filled or r u n out of w h i t e colonies. 
T h e o r ig ina l plates were sealed w i t h p a r a f i l m , and stored at 4 ° C . 
2-3-A-2. Storage of Mas te r Plates 
Master filters on the Y T - a m p . - X g a l plates were incubated at 3 7 ° C for 3 h . then 
they were t ransfer red t o the Y T - g l y c e r o l plates and incubated for 1 h at 3 7 ° C . 
A f t e r wrapped in v u i y l bag, they were preserved at - 20°C . 
2-3-B. Repl ica Plates 
F r o m the master filters, repl ica filters were made and used in screening. Onto 
a glass, 3 pieces of 3 M M papers were placed and the top piece was wet ted w i t h 
s ter i le water . T h e n the master filter was placed on t h a t w i t h gr idded side up and 
t h e n a new filter was placed w i t h gridded side down . I t was made sure tha t they 
were pos i t ioned exact ly para l le l to each other. A wet ted piece of 3 M M paper and 
t w o pieces of 3 M M papers were jalaced on to t h e m , then a glass plate was placed. 
T h e y were pressed gently by hands and the re])lica filter was marked using a pencil 
t o i d e n t i f y the pos i t ion later. T h e replica filters were transferred to Y T - a m p . - X g a l 
plates and incubated at 3 7 ° C overnight. The master filters were stored at - 20°C as 
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described before (2 -3 -A-2 ) . 
2-3-C. F i x a t i o n o f D N A on Repl ica Fi l te rs 
F i r s t ly , replica f i l t e r s wh ich had been incubated at 3 7 ° C overnight were removed 
f r o m plates, then t hey were t reated i n t u r n as fol lows: 
B-a: 10% SDS I x 3 m m 
B-b : Dena tu r ing so lu t ion 1>: 5 m i n 
B-c: N e u t r a l i z i n g solut ion I x 5 m i n 
B - d : 2x SSC I x 5 m m 
In between each step, f i l ters were placed on 3 M M paper for a whi le to get r id 
of so lut ion. Then the filters were air dr ied for at least 1 h . A f t e i ' t ha t , they were 
leaked at 8 0 ° C m v a c u u m for 2 h to fix D N A on filters. 
2-3-D. Probe P repa ra t ion 
2 - 3 - D - l . R a n d o m P r i m e d D N A Labe l l ing 
R a n d o m pr imed D N A label l ing k i t f r o m Boehringer Mannhe im was used to 
ob ta in 'p robes fo r screening of c D N A l ib ra ry . T l ie components of the system were 
as fo l lows: 
D - l - a : d A T P 0..5 m m o l e / 1 , m Tris buf fer 
D - l - b : d C T P 0.5 m m o l e / 1 , i n Tr is buf fe r 
D - l - c : clGTP 0.5 m m o l e / 1 , in Tr is buft'er 
D - l - d : d T T P 0.5 m m o l e / 1 , i n Tris buf fer 
D - l - e Reaction m i x t u r e m i x t u r e iu lOx concentrate 
D - l - f Klenow enzyme 2 un i t s / / / ! , in glycerol , 50% ( v / v ) 
A t first, the D N A wa,s denatured by heat ing for 10 m m at 9 5 ° C and sul)seque]it]y 
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cooled down on ice. T h e foUowing solutions were added to an Eppendor f tube on 
ice: 
1. 25 ng dena tured D N A 
2. 3 /J.1 d A T P , d G T P , d T T P m i x t u r e (prepared by m a k i n g a m i x t u r e of 
those solut ions) 
3. 2 / ^ l r eac t ion buff'er 
4. 5 / i l = 5 0 //,Ci d C T P 
A f t e r add ing those so lu t ion , wa.ter was added up to 19 iil then 1 /d of Klenow 
enzyme was added. T h e react ion m i x t u r e was incuba ted for 30 m i n at 3 7 ° C , then 
2 m l 0.2 M E D T A (pH8 .0 ) were added to stop the react ion. F ina l ly , the reaction 
m i x t u r e was loaded on to Sephadex G-50 ( D N A grade) co lumn to p u r i f y labelled 
D N A . 
2-3-D-2. Sephadex G-50 ( D N A Grade) Chroma tog raphy 
Sephadex was swollen m the iDufler overnight . Then i t was packed into a 5 m l 
Dis]3ocolumn as t a k i n g care of air bubbles. A f t e r packing, the label l ing reaction 
m i x t u r e was loaded and the co lumn was washed w i t h the co lumn buffer. 4-5 m l 
of co lumn ef f luent was collected in to 12 Eppendor f tubes which contained 350 fi] 
each. 2 fi.\ f r o m each tube was taken and the r ad ioac t iv i ty was chequed using 
L i q u i d S c i n t i l l a t i o n Counter . T h e first peak f r a c t i o n was collected and used in the 
h y b r i d i z a t i o n reac t ion as prol^e. 
Buf fe r 
150 n i M N a C l 
10 imM E D T A 
0 . 1 % SDS 
10 m M T r i s - H C l (pH7.5) 
3b 
2-3-E. H y b r i d i z a t i o n 
To hyb r id i ze probes w i t h b l o t t e d nucleic acid sequences, a hyb r id i za t i on me thod 
g iven by A m e r s h a m was used. A t first, p re -hybr id iza t ion solut ion was made up as 
fo l lows: 
Table 2-3 P r e - H y b r i d i z a t i o n So lu t ion 
Solu t ion volume F i n a l Concent ra t ion 
20x SSC 7.5 m l 6x SSC 
lOOx Denhard t ' s so lu t ion 1.25 m l 5x 
10% SSC 1.25 m l o.5% 
I t was made up to 25 m l w i t h sterile D . W . . Then 0.5 m l of a 1 m g / m l solution 
of he r r i ng sperm D N A was denatured by heat ing in a bo i l i ng water ba th for 5 
m i n , chi l led on ice and added to the p re -hybr id iza t ion so lu t ion . Next ly , filters were 
ba ted w i t h shaking f o r at least 1 h at 6 5 ° C for p re -hybr id iza t ion in a heat 
aled plas t ic bag. H y b r i d i z a t i o n so lu t ion (25 m l ) was prepared jus t l ike the pre-
mcui: 
sea 
hybrid)sa.t ion so lu t ion . 0.5 m l of a 1 m g / m l solut ion of her r ing sperm D N A and 
probe were denatured and then hybr id i sed w i t h shaking fo r at least 12 h at 6 5 ° C . 
T h e n , the filters were incubated w i t h 50 m l 2x SSC at 6 5 ° C fo r 15 m i n . Final ly , they 
were replaced w i t h 50 m l 2x SSC con ta in ing 0 . 1 % SDS, and incubated at 6 5 ° C for 30 
m i n . T h e filters were air d r i ed and w r a p p e d i n Saran W r a p , then autoradiographed. 
2-3-F. A u t o r a d i o g r a p h y 
A X - r a y film ( F u j i ) was exposed af ter pre-flashing once w i t h 7-ray onto the filters. 
A f t e r keeping fo r several days at - 8 0 ° C the film was taken out in the dark room and 
placed in the developer so lu t ion for 8 m i n , then i n the fixer 3 minutes after for 3 
m i n , a f te r washing fo r jus t 20 seconds i n tap water. The fixer was washed i n flowing 
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water f o r about 30 m i n , then d r i ed . FinaUy the pos i t ive colonies were ident i f ied . 
2-3-G. Southern B l o t t i n g 
A f t e r electrophoresis i n agarose, the gel was placed in dena tur ing solut ion as 
t o comple te ly cover t he gel. I t was shaken f o r at least 15 m i n and repeated twice, 
leaving the final so lu t ion fo r 30 m i n . T h e dena tu r ing solut ion was replaced w i t h 
neu t ra l i s ing so lu t ion , and le f t f o r at least 30 m i n , t hen repeated twice. A f t e r removal 
of neut rahs ing so lu t ion , l i q u i d f r o m gel was b o l t t e d of f w i t h tissues. Nitrocel lulose 
filter was cut t o exact size of gel and wet ted i n d i s t i l l ed water , then transferred to 2x 
SSC. A sheet of filter paper was carefuUy placed onto gel so t h a t gel was central ly 
placed on filter. Gel and filter paper inverted and placed on bridge over the buffer 
reservoir w i t h the ends of the v^ick d i p p i n g in to the reservoir. Then membrane was 
carefu l ly place onto the gel, pressed f r o m one end to ensure no air bubbles were 
t r a p p e d between gel and membrane . A stack of absorbent pads 4-5 cm i n height 
were cut to size and placed on t o the membrane w i t h o u t t r app ing air bubbles. Then 
they were compressed using a glass plate and a 1-1.5 k g weight . 20x SSG was added 
to the buf fe r reservoir so t h a t the ends of the filter ]5aper wick were immersed in 
buf fe r . T h e transfer was al lowed to proceed for 4-16 h at 4 ° C . A f t e r b l o t t i n g , the 
membrane was care fu l ly air dr ied and, then vacuum dried at 8 0 ° C for 2 h. 
D e n a t u r i n g so lu t ion 
1.5 M N a C l 
0,5 M N a O H 
1 m M E D T A 
Neu t ra l i z ing so lu t ion 
3 M N a C l 
0.5 M Tris 
1 m M E D T A 
p H was ad jus ted t o 7.0 w i t h H C l . 
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C h a p t e r 3 . R e s u I t s 
Part 1 Prel iminary Works 
3-1-A. C lon ing of A D N A into E.coH 
3 - 1 - A - l . Res t r i c t ion of A D N A and pUC18 
A D N A and p U C l S were restricted w i t h Sau3A and B a m H I each. T h e restr ict ion 
reac t ion was carr ied o u t as described i n Methods (2-1-D) . A n d the reactions were 
set up as Table 3-1 . 
Table 3-1 Diges t ion of A D N A and p U C l B w i t h Sau3A and B a m H I 
Sample 1 2 
D N A D N A (3 fig ) 6 pUC18 (2.5 /i.g ) 5 
E n z y m e Sau3A 2.5 B a m H I (5 u ) 1 
B u f f e r 5x h.s. 5 .5x m.s. 4 
D . W . 11.5 10 
T o t a l ifil ) 25 • 20 
Af t ter res reaci jon 4 /d f r o m each sample was taken and mixed w i t h i p\ 
ol oel loading m i x i ure and T-hen loaded in to an agarose gel (F ig . 3-2 j . 1 he remainder 
of D N A s were ex t rac ted v. ' i th phenol and e thanol precipi ta ted, then dissolved m 20 
/d of H2O each. 
3-1-A-2. L i g a t i o n of the Restricted A D N A and p U C l S 
Previous ly res t r ic ted p U C l 8 and D N A vvere ligated together v.-ith T 4 D N A 
ligase. The l i ga t ion react ion was carried O U T as described in Methods (2-1-Ei and 
t l i e acu ia l reactions were set up as in Table 3-2. 
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Table3-2 L i g a t i o n of A D N A and p U C l S w i t h T 4 Ligase 
Sample 1 2 3 
D N A p U C l S 10 D N A 10 p U C l S 5 
A T P ( 6 m M ) 2 2 2 
5x L i g . Buf . 4 4 4 
H2O 3 3 3 
T 4 Ligase 1 1 1 
Tota l (^,1 ) 20 20 20 
A f t e r l i ga t i on react ion, 4 / / . I f r o m each sample was taken and mixed w i t h 1 fi] of 
gel loading m i x t u r e and loaded in to an agarose gel (Fig.3-2). T h e remaining samples 
were phenol ext rac ted and ethanol prec ip i ta ted , then dissolved in 20 /d of 0.1 M 
CaCl2 each. 
3-1-A-3. T rans fo rma t ion of H y b r i d Plasmids into E.coli. 
The l iga t ion reaction mix tu res were t ransformed to E.roh J M 83 cells. Compe-
tent ceils were prepared as described in Methods (2-1-F- i 1. L iga t ion mixtures v.-ere 
d i i u i f ' d i l l T m e d i u m a; HI Table3-3. the i j used in t rans format ion . 
Table 3-3 Trans io r : "a t ion of Liga ted D N A in to E.coli 
Sample 1 ( l i g . 1) 2 (Hg. 2) 3 (hg. 3) 
D N A ( l i g . m i x ) 20 20 20 
Y T m e d i u m 80 ; SO 80 
Tota l (/./] i 100 100 100 
3x 10 / d f r o m each t r ans fo rma t ion react ion were taken out and mixed w i t h 3x 
4-1 
90 iJ,l of Y T m e d i u m and then plated out on 3 Y T - a m p . - X g a l plates each. A f t e r 
overnight i ncuba t ion at 3 7 ° C the number of whi te colonies was counted and f r o m 
the number the t r ans fo rma t ion frequency was calculated. 
Table 3-4 No . of Transformants f r o m L iga t ion 3 
Pla te No. 




Trans fo rmat ion frequency( A ) 
A = 57.6 X 10 X 1/0.5 x 11 = 104 t r ans fo rman t s / / i g p U C l S 
JO : d i l u t i o n rate at the t ime of pla.ting 
0.5 -.jj.g of p U C l 8 used in hgat ion 
11 : sample r a t io f r o m the t o t a l t r ans fo rma t ion solut ion ( 2 - 1 - C - l ) . 
3-1-A-4. M i n i p r e p a r a t i o n of Plasmid^ i r a a j i o r i 
lv-."o blue colonies and one vrhite colony v ere j^icked up f r o m the plates vchicli 
:ia,d been constructed in 3-1-A-3 and these colonies vvere used in the min iprepara t ion 
of p]a,smids. M i n i p r e p a r a t i o n was carr ied out as described in Methods ( 2 - 1 - G - l ) . 
A f t e r dissolving in 50 / d of T E bufFer(pHS.O), 5 ul f r o m each sam])le was taken 
ou t and restr icted w i t h res t r ic t ion enzymes as in Table3-5. 
4-2. 
1 2 12 
27 kb 
Fg.3-! 
1 2 12345 
Fig. 3-3 43 Fig.34 
Fig.3-5 Standard Curve of Migration of ADNA Digested wi th EcoRI and Hind 3 
Log of b.p 
5 r 
cm 
M i g r a t i o n 
The drawing of the curve was based on Fig.3-4, the ADNA digested with EcoRI 
and Hind 3. From the curve, the insert size of Sample 4 (Table 3-5) was estimated 
to be about 1.5Kb. 
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Table 3-5 Diges t ion of Min i ] ) repared Plasmids w i t h Rest r ic t ion Enzymes 
Sample No. 1 2 3 4 5 
D N A D N A 4 D N A 4 Blue 5 W h i t e 5 Blue 5 
Enzyme E c o R I 1 
Hind3 1 
E c o R I 1 
Hind3 1 
E c o R I 1 E c o R I 1 Hind3 1 
H2O 12 12 12 12 12 
lOx bufl:er E c o R I 2 Hind3 2 2 2 2 
T o t a l ( /d ) 20 20 20 20 20 
A f t e r digest ion, the rea.ction mixtures were loaded onto an agarose gel (Fig.3-4). 
F r o m the figure, the size of the insert of the wh i t e colony was determined (Fig.3-5). 
3-1-B. C lon ing of c D N A of Pea Cotyledon to E.coh 
3 - 1 - B - l . R N A E x t r a c t i o n f r o m Pea Cotyledon 
10 g of f rozen cotyledons was homogenized in 26 m l of homogenization buffer 
and then phenol ex t rac ied as m A'lethods (2-2-A-3) . A f t e r ethanol prec ip i ta t ion , 
R X A Y.-as dissoived in 50u j'l of sterile water. Then R N A was chequed by R N A gel 
eiectrophoresi? (Fig.3-S 
T h e concentra t ion of R N A , t o t a l amount of R N A were calculated f r o m the O.D. 
of t he spectrophotometer (F ig .3-6) as described in Methods (2-3-G). 
3-1-B-2. P o l y ( A ) + R N A P u r i f i c a t i o n f r o m T o t a l R N A of Pea Cotyledon 
To p u r i f y p o l y ( A ) ^ RN.A, o l i g o - ( d T ) chromatography vvas used. 2 mg of iota.! 
R N A which had been ex t rac ted f r o m pea cotyledon ( 3 - 2 - B - l ) v^ -as apphed to the 
;o iu rnn after heat t r ea tment . To iden t i fy the peaks, O.D vvas moni tored at 260 
n m (F ig .3-7) . T h e p o l y ( A ) ^ f r a c t i o n vi-as collected and ethanol precipi tated. A f t e r 
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Fig.3-6 Total RNA of Pea Cotyledon Check Scan By Spectrophotometer 
ABS 











10 fi] of RNA solution was diluted with 2.5 ml of water, then scanned. 
O.D. at 260 was 0.S69. so the concentration of RNA of the sample was calculated 
as follov.-s: 
0.8S9/25 X 2.500/10 = S.69 fig / ^ l 
Total amount of R N A S.S9 x 50U = 4.445 fjg = 4.4 mg 
46 
Fig.3-7 Poly(A)+ R N A of Pea Cotyledon Purification Check Scan in Oiigo-(dT) 
Chromatography 
P o l y ( A ) - P o l y ( A ) + 
0505U 
mg of total RNA f r o m pea cotyledon was loaded onto oligo-(dT) column. 
PolvlA)"^ fraction was collected and ethanol precipitated, then dissolved in water 
(see text for details). 
Fig.3-10 Scan of P o l y ( A ) ' ' ' R N A of Pea Coty ledon by Spectrophotometer 
nm 
A f t e r o l i g o - ( d T ) chromatography, poly(A) ' ' " f rac t ion was collected and after 
e thanol p rec i t a t ion the pellet was dissolved in water. lOO /d of polyf.A)"*" R.N'.A 
so lu t ion was d i lu t ed w i t h 2.5 m l of water and 0 . D . was chequed. The O.D.260 was 
0.48.3, so the concentra t ion of the solut ion was calculated to be; 
0.483/25 X 2500/100 = 0.483 fig / 
T h e t o t a l a m o u n t of poly(A)'*" R N A was calculated: 
0.483 A^ g / M1 X 300 p i = 144.9 //.g 
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cen t r i fuga t ion , the pellet was dissolved in 300 f/.l of sterile dis t i l led water . To cheque 
the concentrat ion and amount of po ly (A) ' ' " R N A 1 f j \ of the sample was taken out 
and analysed by spectrophotometer (Fig.3-10). T h e p u r i t y was chequed by R N A 
gel electrophoresis and the remainder of R N A sample was stored at - 8 0 ° C (Fig.3-8) . 
3-1-C. c D N A Synthesis f r o m Pea Cotyledon m R N A 
c D N A of poly(A)" '" R N A of pea cotyledon was synthesized using the c D N A syn-
thesis k i t f r o m Pharmac ia ( 2 - 2 - D - l ) . P o l y ( A ) ' ^ R N A of pea cotyledon was provided 
by A'Ir. R. Swinhoe. 5 ^ g in 4.-5 / i l of water was used in the synthesis. According 
to the procedure, 15.5 p i of DEPC- t r ea t ed water was added to adjus t the volume 
of R N A to 20 /y.l . T h e n by fo l lowing exactly the procedure, the first and second 
strands were synthesized. A f t e r synthesis, c D N A was pur i f ied t h rough the spun 
c o l u m n (2-2-E). 
3-1-D. A d d i t i o n of E c o R I Adaptors to the ds -cDNA 
To the s]3un co lumn effluent of the above, EcoRI adaptors were l igated as de-
scribed in Methods (2-2-F) . A f t e r l iga t ion , the solut ion was applied to another spun 
co lumn and the eff luent vi"as used in the l igat ion w i t h the vector p l ' C ' ] 9 . 
Table3-6 E c o R l Adap to r L iga t ion to c D X A of Pea C'otyjedons 
t c o R I .Adaptor solut ion ^ 5 
A T P solut ion 1 
T 4 D N A Hffase 3 / d 
. .M-E. Diges t ion of pUC'19 w i t h EcoRI 
2.5 tig of p l K ' ] 9 ( i n 10 / / ] 1 vvas l e s inc i ed vvith EcoRI . I t was performed as 
described in Methods (2-1-D) and the recipe vvas as follows: 
Table 3-7 Res t r ic t ion of pUC;i9 w i t h E c o R I 
D N A ( p U C l 9 ) (2.5 ng ) 10 
EcoRI (5 u) 5 
Bufrer(10x h igh salt) 2 
D . W . 3 
To ta l (M1 ) 20 
A f t e r inculcat ion, i t was heat denatured and 4 /d (0.5 //,g )of the sample was 
d load on to an agarose gel and run at 75 V for 6 h. The remainder was phenol 
extracted and e thanol prec ip i ta ted , then dephosphorylated (Fig .3-9) . 
3-1-F. Dephosphory la t ion of Restr icted p U C l 9 
The vector ( p U C 19) wh ich had been restr icted was dephosphorylated by C I P 
as described in Methods (2-2-G) . Then i t was phenol extracted and ethanol pre-
c ip i ta ted . To est imate the amount of vector l e f t , a m i n i gel electrophoresis was 
per formed. A m o n g 20 /d of t o t a l so lu t ion . 2 / / . I was taken out and loaded on l o 
the gel. A f t e r r u n n i n g fo r 30 m i n at. 50 m A . the bands v.'ere checr.ed and f r o m the 
brighiness. the concentrat ion of D N A was assumed to be O.Li5 . s u\ . 
3-1-G. L i g a t i o n of c D N A w i t h Dephosphorylated p l i C 1 9 
c D N A which had been synthesized in 3-J-C,' and had been added EcoRI adaptors 
were l igated w i t h dephosphoryla.ted pUC'19. I t vvas carried out as described in 
Methods (2-2-H) and the recipe was as follows; 
50 
F i g . 3 - 8 Gel FMct u r e o f F o l y ( A ) * RNA o f 
C o t y l e d o n 
1 2 
1 . P o l v ( A ) * RNA o f pea c o t y l e d o n 
2. T o t a l R.\A o f pea c o t y l e d o n 
*R.MAr, were d e n a t u r e d w i t h g l y o x a l . 
F i g . 3 9 Gel P i c t u r e o f R e s t r i c t e d pUCl9 
2 1 
1. pUC19 r e s t r i c t e d w i t h Eco Rl 
2. pUCig u n r e s t r i c t e d 
F i g . 3-13 
Gel P i c t u r e o f RNA o f Pea Pod 
*Two b r i g h t bands a r e rRNA and mRNA i s seen as smear. 
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Table 3-8 L i g a t i o n of c D N A w i t h p U C l 9 
Sample 1 2 3 Con t ro l 
Co lumn eff luent 6 3 2 0 
Liga t ion buffer 24 27 28 30 
Vector 2 2 2 2 
Di lu t ed A T P 3 3 3 3 
T4 D N A ligase 1 1 1 1 
Tota l (//,1 ) 36 36 36 36 
A f t e r i ncuba t ion f o r 3.25 h at 1 2 ° C , they were t ransformed to competent E.coli 
cells as described m A^ehods (2-1-E-2), then 10 f/1 and 100 /d f r o m each transfor-
m a t i o n m i x t u r e were taken and pla ted on to \ T-am]3.-Xgal ]3lates. 
Talkie 3-9 No. of Transformants of Pea Cotyledon c D N A s 
F r o m the data a.b( 
Sample W h i t e Blue 
1. 100 420 400 
i 0 360 280 
2. 100 1.440 576 
10 440 320 
3. 100 800 760 
10 248 1 Ob 
Con t ro l . lOQ 1 460 
10 72 
gat ion 2 a;id 3 -1 •J ugh: be preferable to l igat ion 
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3-1-H. M i n i p r e p a r a t i o n of Plasmids 
12 whi te had been selected and plasmids were pur i f i ed as i n Methods (2-1-G-2). 
6 out of 12 colonies proved to have inserts m their plasmids (Fig.3-11) . Plasmids 
were digested w i t h E c o R I and the size of the inserts were determined. 
Table 3-10 Size De te rmina t ion of Inserts Excised f r o m Transformed Plasmids 
Sample No. Size(No. of nucleotides) 
] 400 
2 1330 





Fie.3-11 Gel Pi c t u r e of Mlnlprep. of Plasalds 
• Sample Mo. t - t l : Plasmids from white colonies 
d i g e s t e d with EcoRI 
Mm* 13 : PBR322 d i g e s t e d with Alul 
i $ UiM^Mtrlcted 
l»f«I«i«f»f : I n s e r t s are shown 
Fit.3-15 Q9l PietW of I»oly(A)+ RMA of Pea Pod 
No.l. Poly(A)+ RNA of Pea Pod 
5 4 
P a r t 2 c D N A C l o n i n g o f Pea P o d n i R N A 
3-2-A. R N A E x t r a c t i o n f r o m Pea Pod 
30 g of f rozen pea pods had been gr inded in P o l y t r o n and digested w i t h 39 mg of 
proteinase K and then extracted w i t h phenol. A f t e r e thanol prec ip i ta t ion , R N A was 
dissolved in 4 m l of water . F rom the Spectrophotometer analysis, the concentrat ion 
of R N A and the t o t a l amount of R N A were calculated (Fig.3-12). 
3-2-B. P o l y ( A ) + Pur i f i ca t ion f r o m T o t a l Pea Pod R N A 
3 - 2 - B - l . O l i g o - ( d T ) Chromatography 
2 mg of R N A was apphed to o l i go - (dT) column to p u r i f y polyfA)"*" R N A . A f t e r 
e l u t i on once, the polyfA)"*" f r a c t i o n w-as collected and ethanol precipi ta ted. A f t e r 
dissolving the pellet in 500 / / . l of water , 10 /.d was taken out and the concentration 
of R N A was analysed by spectrophotometer (Fig.3-14). Then 2 fil of the solution 
v»-as applied to a R N A gel for f u r t h e r analysis (Fig.3-15). 
?-2-B-2. P o ] y ( A ) " R N A P u r i f i c a t i o n by using H y b o n d - m A P 
125 ug of p o l y J A ! " R N A previousiv Drepared ^vas punfieci again by usmg 
Hy i : . ond -mAP (Fig .3-16) . 
3-2-C. c D N A Synthesis and L i g a t i o n w i t h the Vector 
5 fig of p o l y ( A ) ^ R N A which ha-d been pur i f i ed previously by o i igo- (dT) chro-
ma tog raphy and Hybond-m.A.P was used in the synthesis of c D N A by using the k i t 
f r o m Pharmac ia (2 -2-0-1) . A f t e r synthesis. cDN.A was pur i f ied through a spun col-
u m n and then hgated w i t h EcoRI adaptors. .Again the l iga t ion mix tu re was applied 
t o the spun co lumn . The cohnnn eff luent of spun co lumn v^as used in the l igat ion 
w i t h vector as follovvs: 
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Concent ra t ion of RN.A: 
1.03/25 X 2500/100 = 1.03 //g / / / I 
T o t a l amount o f R n A : 
1.03 //.g lp\ X 4,000 = 4,120 /,g / ^ / l = 4.12 mg 
y . 2 « 
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Fig.3-14 PolyfA)"*" R N A of Pea Pod / Check Scan by Spectrophotometer 





Concen t ra t ion of R N A : 
0.023/25 X 2,500/10 ^ o.23 //.g / / d 
T o t a l amoun t of Poly(A)"^ R N A : 
0.23 X 500 = 115 /ig 
Fig.3-16 Check Scan of P o l y ( A ) + R N A of Pea P o d by Spec t rophotometer 
ABS 
e.ee _8^5 i a e 9.15 
30PH-! 
M. la 
2-60 / / I o f w a t e r , f r o m it 10 / / I as ' a k e n a i u l s c a n n e d . F r o m t h e a l i o v e g r a j d i , t he tot 
a m o u n t o f R N ; \ was c a l c u l a t e d as f o l l o w s : 
0.02.>;'25 X 2.500/10 x 20i) = 56 fig 
0.028 : O . D . at 260 n m 
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Table 3-11 L iga t ion of c D N A w i t h pUC19 by T 4 Ligase 
Sample 1 2 3 
C o l u m n effluent 6 3 2 
L iga t ion buffer 24 27 28 
Vector 2 2 2 
D i l u t e d A T P 3 3 3 
T 4 D N A hgase 1 1 1 
To ta l i f d ) 36 36 36 
3-2-D. Tra.nsformation of H y b r i d Plasmids 
A l l l i ga t ion mix tures were used in t rans format ion as m Results (3-1-A-3) . Trans-
f o r m a t i o n was carried out as described in Methods (2-1-F-2). .After t r ans fo rma t ion , 
10 ^1 and 100 / i l f r o m each l iga t ion reaction m i x t u r e were taken out and spreaded 
on to Y T - a m p . - X g a l plates each. 
Table 3-12 No. of W h i t e Colonies of Ligated D N A 
Sample W h i t e Blue 
L 1.2.-1 10 TO I - J 30 
100 920 520 
Lig .2 10 65 25 
100 508 772 
Lig.3 10 40 40 
100 716 504 
3-2-E. M m i p r e p a r a t i o n of Plasniids i r o m Transformants 
12 whi te colonies were r andomly selected and subjected to min iprepara t ion as 
5"? 
i n Methods (2-1-G-2). A f t e r res t r ic t ion w i t h EcoRI , plasmids were analysed on an 
agarose gel (Fig .3-17) . F rom the p ic ture , i t was conf i rmed tha t the t ransformants 
had plasmids which had no insert . 
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Part 3 
3-3-A. Master Plates 
Master plates were constructed f r o m the plates of pea pod c D N A t ransformants 
p rov ided by M r . D . Bown . A U w h i t e colonies of plates were transferred to five sheets 
of ni t rocel lulose filters using toothpicks (2 -3 -A) . They were marked w i t h ball-pen as 
f r o m P P l to PP5. Then they were incubated overnight and used in m a k i n g replica 
filters. 
3-3-B. Repl ica Fi l ters 
Tw 'O sets of replica filters were made f r o m the master plates (3 -3 -A) . They were 
marked as f r o m P P l - 1 to PP5-2, then incubated overnight. 
Ta l j le 3-13 M a r k i n g of Repl ica Fi l ters 
Master R e p . l • Rep. 2 
P P l PP1-] P P l - 2 
PP2 PP2-J PP2-2 
PP3 PP3- : f P 3 - 2 
PF4 FP-,-_ P P l - 2 
PP5 PP.5-i PP5-2 
3-3-C. Storage of Master Fi l ters 
Master filters were incubated at 3 7 ° C for 3 h on new Y T - a m p . - X g a l ])lates, then 
t ransferred to Y T - g l y c e r o l plates, incubated for 1 h at 3 7 ° C . F ina l ly , master filters 
were siored at -20"C . 
3-3-D. Screening of Rephca Fi l ters w i t h Label led Pea Pod c D N A 
3 - 3 - D - l . F i x a t i o n of D N A on Rephca Fi l ters 
T h e repl ica f i l t e r s were treated w i t h 10% SDS solut ion, denatur ing solution, 
neut ra l i s ing so lu t ion i n t u r n as described in Methods (2-3-C). Then they were air 
dr ied and baked at 8 0 ° C in vacuum. 
3-3-D-2. P repara t ion of Probe 
2 / d of spun co lumn eifluent which had been made before (3-1-C) was used in 
the labelhng w i t h ^ - P - d C T P . For the label l ing , Random pr imed D N A labell ing k i t 
f r o m .Amersham w'as used (2-3-D-2) . A f t e r labelhng, the solution was loaded onto 
Se])hadex G-50 c o l u m n . 10 samples which contained 30 / ; . l of eff luent each were 
collected arid chequed w i t h L i q u i d Sc in t i l l a t ion C'ounter (Table 3-14). 
3-3-D-3. H y b r i d i s a t i o n of Fi l ters w i t h the Probe 
One set of replica f i l t e rs f r o m ( P P l - 1 to PP5-1) vvere hybridized w i t h the probe 
as as described :n IMe t l i od ; { 2 - 3 - E ] . Before hybridisa, t ion. replica filters accidentally 
3-3-D-4. A u t o r a d i o g r a j j h y of the HyDriciised Fil ters 
.After h j ' b r i d i s a t i o n , f i l ters vvere fixed on a. sheet of 3 M M paper, anci marked w i t h 
ra.dioactive m k , then wrapped w i t h Saran AVra.p. A X-ray film ( F u j i ) was exposed 
at -S0°C fo r 7 days then developed. However, no posi t ive colonies was f o u n d . 
Table.3-14 Sephadex G-50 C h r o m a t o g r a p h y of Labelled Pea Pod c D N A 
F T o t o c — 32P Imi c p (ri i l - J L i l - 3 S 12; 55 
Reg i or. A; L - 1 7 0 0 L c r = 0 B k c = -:'. C" j 7.2 S i q n i a = 0 . 00 
Reg i o n r;. ! L - 3 L = 5 0 . C --I700 L r r = 0 Bkq ) 7.2 S i g / n a ^ O - O O 
Reg i or. C: 1 [_ — • ^ i = ' : ' ) , (' - 0. 0 L - r ~ — 0 B ; = - 0( ! 7.2 S i Q m a=0. 00 
TiiTie = '\ 0 Q I F d 31^  T £ r* iT; -
B# - 7 3r-MA r-i D s^ J -•*" L.. r~ '-^  1 p ' - ^ 3 ' &" 
1 
X 21 , 44 4 9 . C •C 3 7 4 . 5 3 — - >L, 
t 0 '• ' - ; 1 _':)': j 19 „ 90 2 S . '•'^  SO» 3 ~ l' ~ - 1 . oc 25.. 81 1 &. ••• •0 5 3 . 4 6 : — — , - -, 
4 ' 1 OC : iO.00 1 9. 06 2 9 . >0 60.43-: 533,, 
c r 
•_) 1 a 0 0 "^4. 00 2 3 . 24 2 4. C •0 16. 12-: ^ / I 
1 . oc 6 7 . 00 24. 43 24, — 
7 1 . oc 5 3 7 i 9 . 0 0, S7 4 5 5 5 3 . 0 1 0 6 6 . 3 
o 
w 
1 • O C', 3 - r_: 4 (J ^  r) 0. 82 4 7 6 3 ^ . .'; 9 2 . (: -5 4 2 . 
9 •1 J. . 0 c 8 5 4 3 , 0 0 ~ i A 7 3 3 9 . ' 0 1135, 1 cr — p. 
10 i X • oc 1 95?;; „ 00 4. 49 1646.C '0 9 7 9 . 15 
E a c h s a m p l e c o n t a i n e d 3(1 fi\ o f e n l u e n t . Sam]) le 7.8.9 were s u p p o s e d to be 
t h e p e a k f r a c t i o n s a n d t o t h e m 3 / / I o f -3 M s o d i u m a c e t a t e s o l u t i o n a n d 750 / d of 
et l i a n o l W ( . T e a d d e d . A f t e r i n c u l ' i a t i i j r . fr,;- 2 h at - 2 0 ° C . t h e s ample s were c e n t r i f u g e d 
a n d d i s so lvcx l n i v.-ater, t h e n used i n h . v b n d i z a t i o n . 
6.3 
Part. 4 
3-4-A. Repl ica Plates 
T w o sets of replica plates were prepared freshl} ' after the fa i lure of previous 
screening. A f t e r wa rming the stored master plates at room temperature , two sets 
of new f i l ters were copied f r o m t h e m as described in Alethods (2-3-C). A f t e r reph-
ca t ion , the f i l t e r s were t ransferred to Y T - a m p . - X - g a l plates and incubated at 3 7 ° C 
overnight . To f i x D N A on filters, they were treated w i t h dena tur ing solut ion and 
neut ra l iz ing so lu t ion , then air and vacuum dried. 
3-4-B. Screening w i t h Label led Pea Pod c D N A 
3 - 4 - B - l . Prepara t ion of Probe f r o m Pea Pod c D N A 
One set of filters were screened w i t h labelled pea pod c D N A . 2 of spun column 
eff luent (3-1-C) was used in the prepara t ion of the probe. The c D N A of pea pod was 
labelled w i t h "^^P-dCTP using Boehringer MannheinVs r andom pr imed label l ing k i t 
(2 -3 -D) . A f t e r labe l l ing react ion, the solut ion vvas applied to Sephadex G-.50 column 
and the ia,be]led D N A was pur i f i ed as a probe (Table 3-1-5 j . 
3-4-B-2. Hybr id3 .a - io : ; of F ihers v:nh ^he Probe 
Replica n i te rs which had b^een prepared before, v.-ere hybridised vni'h the probe 
of the above. 
3-4-B-3. Au to rad iog raphy 
A f t e r hyb r id i sa t i on , the filters were fixed on c sheet of 3 IMIv] paper, and marked 
v n i l j radioact ive i n k . then wrapped v.-ith Saran \ \ ' rcp . A X- ray film voas exposed at 
-SO"C for 7 days then developed. From the developed film, posi t ive colonies v.-ere 
ident i f ied and counted. 
6 ^ 
Table.3-15 Sephadex G-50 Chromatography of Labelled Pea Pod c D N A 
PrctD--C J1 #: 7 Name;3 2P lm:n cpm 1 J. ? - J u l - S S 
Region r-= L L - -1700 L c r = 0 •C; = 00 7,2 Sigma-0= 
Rsg i on C . • LL-- i — > i " -17 0 0 L c r - 0 [1.00 V • • Si gma='.''. 
Reg 1 or. L L - L — a ~- I..),. (') Lr.r= 0 p. I : r = 0.00 •/ '7 Siqaia=0, 
T 1 m e = O'C' QIF - t S i '-1 E 3 tor ~-= C Q U 1 1 •_ 
Ti- T :ME: A : 2SX S T " S I E 
1 . i") 0 3^ . 00 24, 3 •fj .2!. / ~ • r. 
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ls.^:•o 395.93 
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22.00 45 
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.0 1„35 1975^.0 1 2 6 4 „ i 
00 3 .39 3003.00 1116.5 
2047.'jO 1264. c :.)(.) 
00 
. 2 i 
2. 42 
Sample 6 J , S were collected and used in hybridization with one set of rej)lica 
fillers ( 3 - 4 - B - l ) . 
F i g . 3 - 1 8 P i c t u r e of Mini-prop. 
l^S : P o s i t i v e C V ^ n i e s r e s | M M « U k EcoRl 
9 : pm t i f « ^ A H H n p 
1 ^ . 3 - 1 7 P i c t u r s 9f R e s t r l c t l ( ( | 
No.1 — 11 
No. 12 
1 2 3 4 5 6 7 8 9 10 n 12 
: Minlprep. of p l a s a l d s from w h i t e c o l o n i e s 
r e s t r i c t e d w i t h E c o R l 
: PBR322 r e s t r i c t e d w i t h A l u l 
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Table 3-f 6 No. of Positive Colonies on Autorad iography 
F i l t e r No. 1 2 3 4 5 
Strong .5 .5 3 4 2 
M e d i u m 5 3 4 8 3 
Weak 13 7 8 12 6 
To t a l 23 15 15 24 11 
3-4-B-4. M i n i p r e p a r a t i o n of Plasmids f r o m Transformai i ts 
A m o n g posi t ive colonies aljove, 8 were streaked onto YT-amp. -Xga . l plates f r o m 
the master filters and single colony f r o m each plate Vvas inoculated to Y T med ium 
to do min ip repa ra t ion of plasmids. Min i -p repara t ion wa,s carried out as described 
i n Methods (2-1-G). T h e n 10 / i l f r o m each final solut ion was taken and restr icted 
w i t h E c o R I , then loaded on an agarose gel (Fig.3-18). 
3-4-B-5. Southern B l o t t i n g 
T h e agarose gel above was used m Southern l i l o t t m g . D N A ; the gel v.-ere 
b l o t t e d to a sheet of ni trocel lulose filter as described, in iMe'rr. J - . i -G; . A f t e r 
b-.;.r:inp. the filter wa ; air dried and baked at bO°C in vacuum i ;• l i x D X A s . Then 
probe which had been prepared f r o m pea pod c D N A just like described in 3-4-B- l 
v.-as nybr idized w-ith ibe filter and au torad iographj ' was performed (Fig.3-19). 
3-4-C. m R N A Pur i f i ca t i on f r o m Pea Leaves 
3-4-C- l . R N A E x t r a c t i o n f r o m Pea Leaves 
R X A -was extracted f r o m 30 g of frozen ]yea leaves. Pea leaves v.-ere gr inded by 
P o l v t r o n in 70 m l of hot SDS homosenisat ion buffer and proteins v.^ ere removed, 
then ethanol prec ip i ta ted . The pellet was dissolved in 500 fi\ of dis t i l led vcater and 
>^7 
Fig.3-20 Total R N A Check Scan of P e a Leaf by Spectrophotometer 




8 . 4 
lit ;/] of R.NA solution was diluted with 2.5 ml of water. O .D. at 260 was 0.;'.^ . 
so tlie concentration of R N A was calculated. 
0.:i>:2^> X 2500/10 = 3.8 //g / / / I 
T h e Tota l amount of R . \ A was calcidated to be: 
3.S //g / (il -x 500 / / I = 1.900 //g 
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Fig.3-19 Southern B l o t t i n g 
Fig.3-21 RNA Gel 
1 Lane : T o t a l RNA 
2 Lane : mRNA 
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10 jdX f r o m i t was used in the cheque w i t h spectrophotometer (Fig.3-20). 
3-4-C-2. n i R N A P u r i f i c a t i o n f r o m Total R N A 
Poly(A) ' ' " R N A was p u r i f i e d th rough o l i g o - ( d T ) co lumn. A f t e r e lu t ion , the 
poly(A)" '" R N A was heat t rea ted and apphed again then eluted (Fig.3-22). The 
e luted poly(A)" '" peak was collected, and to tha t salt and 2.5 volume of ethanol 
added. The pellet was dissolved 20 ji\ fo water , and 2 [A f r o m i t was applied to a 
R N A gel. I fowever , f r o m the p ic tu re of the gel, i t was conf i rmed tha t there was no 
m R N A (Fig.3-21) . 
3-4-D. c D N A Synthesis f r o m Pea Leaf m R N A 
c D N A f r o m p o l y ( A ) + R N A which had been j^rovided by Dr . M . Evans was 
synthesised using Amersham's c D N A synthesis k i t (2-2-D-2) . 1.4 //.g of pea leaf 
m R N A ( in 2 / / l of water ) vvas used in the p roduc t ion of c D N A . The recipe fo r the 
p r o d u c t i o n of first s t rand v.-as as follows : 
Solutions \ o lume 
• ' jx is', s t rand synihes]; reac'..,.n ouj ier 4 
i'od'ULiiTi pvrojjhc-s-piiate sobi- .o.j i 
H u m a n placental ribonuclease mhibii-or 1 
Deoxynucleoside t r iphosphate mix 2 
O l i g o - ( d T ) 1 
P o ] y ( A ) ^ m R N A \ 2 
Wat.er 9 
Tota l (/./] ) 20 
7 o 
Fig.3-22 Ohgo- fdT) Chromatography of Leaf R N A 
j P o l y ( A ) - P o l y ( A ) 
1 
P o l y ( A ) 
P o l y ( A ) 
P o l y ( A ) 
G L A N D (eosu 
T]-.'=- first peak was collected and heat denatured, then a])plied again. After e! i 
ing. t;-;-:- peak fraction was heat denatured and api:)lied again. The second Poly: .A 
was collected and subjected to ethanol j.irecipltation. 
Table .3-17 Sephadex G-50 Chromatography of Labelled Pea Pod c D N A 
Protoc ol tt: *7 Name: 3.2!-' Imin C p iT, 
Regi en A: L L -UL= 5. 0-1700 L c r - 0 Bkg 
Reg i on B: . L L -UL = 5 -:". 0-1700 Lcr--^ 0 Bkg = 0. 
Rsg i an L L - 0- 0 .0 L c r - 0 Bkq - 0. 
Ti ms = 1 . 00 = t s T p p c T'er :T)i T - J t. 
B# TI ME r c - ' A: 25";. CFtIB STS t S I E 
1 • 1 ., 00 1 .J'..-.' 15. 00 .•-••''.) 6 , 62 tz ~ 
2 1. or? 14. 00 665 .59 rr ~ . _• -
- r 1 . 0 0 38.49 12. 0 0 445.64 cr -r " 
4 1 . 0'~' 46. 0' ; 29.48 17. 00 480 .19 Clj —. — 
rr 
. . J 
\ . 00 : 32.44 19, 00 496 - 37 11.- T • •. J • .- i -
1 , OCi o 7 V ; ' •' ^ 11.97 220.00 1 'DO ! . 1 cr •* _ 
1 i c -7- - l i p ! / 1. •-• i i o.-- • - • ,- \.J i i O 1 . .. W J _ — -8 1 . 00 / 2 S . * 1. 2 i 2395B.0 1127.9 4 
9 1 . 00 1 1 . 97 S525.00 1 04.3. 4 cr •" •. 
1 '0 1 . QO 9 ^  / O . ' 2. -I' 7 7497.00 104 I . 7 c-" -
1 1 1 . " ' -T. i., 05 920.34 r 
12 1 (/'!) 1 X "T' 1 '7~.~ 0. 57 1 U 7 2 7 . 1267. 1 5*- - . 
^ 0 4 ~ A L i g - S S 14; 
) X2 Siqma=0.00 
X2 Sigma^nj.OO 
• X2 5igma=0.00 
= CoLint 
E a c h tube was scanned by LSC' and sample 7,8,9 were collected and heat dena-
tured then hybridized with the blotted filter (3-3-D-2) . 
Table.3-18 Sephadex G-50 Chromatography of Labelled Leaf c D N A 
P r o t o c o l It: 7 Name:32P Imin cpm 
Region A: LL-UL= 5.0-1700 Lcr= 0 Bkg- 0.00 
Region B: LL-UL=50.0-1700 Lcr= 0 Bkg= 0.00 
Region C: LL-UL= 0.0- 0.0 Lcr= 0 Bkg= 0.00 






TIME CPMA A: 2S% CPMB SIS t S I E 1 1 . 00 38. 00 32 . 44 13. 00 445.06 513. 2 1 . 00 47. 00 29 . 17 20. 00 470.16 507. 3 • 1. . 00 34. 00 34 . 29 15. 00 453.29 511. 4 1. , 00 36. 00 33 . 33 17. 00 491.36 511. 5 1. , 00 31. 00 35 . 92 10. 00 333.15 515. 6 1. , 00 30. 00 o c . 51 18. 00 564.51 522. 7 1. 00 3864.00 3 . 21 3280. 00 1061.4 516. 8 1. 00 27603.0 1 . 20 22065.0 890.16 519. 9 1. 00 10898.0 i 
i , 
. 91 9195. 00 1048.2 516. 10 1. 00 2838.00 3 . 75 2424. 00 1125.1 517. 11 1. 00 1713.00 4. , 83 1386. 00 967.67 519. 12 1. 00 1842.00 4, , 65 1364. 00 818.93 516. 
Sample 7,8,9 were collected and used in hybridization (3-4-B-5). 
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.After the synthesis of first s t rand, second s t rand synthesis reaction was set up 
as fol lows : 
Solutions Volume 
F i r s t s t rand c D N A reaction m i x t u r e 20 
Second strand synthesis react ion buffer 37.5 
E.coli ribonuclease H 1 
E.coli D N A polymerase I 5 
Wate r 36.6 
Tota l ( f i l ) 100 
A f t e r synthesis of d s - c D N A , i t was extracted w i t h phenol. And ethanol precipi-
t a t e d twice. T h e pel let f r o m ethanol p rec ip i ta t ion was dissolved in 20 fil of water 
a f t e r vacuum d r y i n g . 4 /d f r o m the solut ion was load onto a mini-agarose gel and 
r u n on electrophoresis a,t 50 m.A. for 30 m m (Fig.3-23) . 
3-4-E. R a n d o m P r i m i n g of Leaf c D N A 
Probe was prepared f r o m leaf c D N A by labeUing it iiP-dC-J? as described in 
CD: soiu ' lon above, was used. Af t e r 
' - t orobe ::y Sephadex G-50 
ed in screening ^be c D N A hbrarv 
ivieihods ( 2 - 3 - D - l j . i fil f r o m 16 ; ; i 
l abe i img , imlal^elJed impur i t i e s we 
co lumn (Table 3-18). Peaks Vvere coliected 
of pea pod . 
3--1-F. A u t o r a d i o g r a p h y of Hybr id i sed Fi l te rs 
Probe wh ich had been prepared ])reviously was hybr idized wi th one set of rephca 
n l te i? of c D N A h b r a r y of pea pods (3-3-F •. A r e r i :ybr id iza t ioa . one X-ray film was 
exposed against filters f o r 4 days as described m 2-3-F). Then i t was developed and 
pos i t ive colonies Vi^ere ident i f ied as fo l lows: 
74-
Table 3-19 Posi t ive Colonies on Autorad iography 
Fi l te r 1 2 3 4 5 
Strong 4 4 4 1 3 
M e d i u m 3 2 3 1 
Weak 13 5 8 16 12 
Tota l 20 11 12 20 16 
B y comparison w i t h the previous X- r ay film which had been screened w i t h pea 
p o d c D N A , colonies which were posi t ive to bo th of proves were ident i f ied as foUows: 
Table 3-20 Cross Posit ive C^olonies for Probes of Pod and Leaf c D N A 
Fi l te r 1 2 3 4 5 Tota l 
Colonies 4 4 2 2 2 14 
A m o n g 14 double posi t ive colonies, 12 were ident i f ied on the master filters, and 
they were streaked on YT ' -amp. -Xga l plates, then single colony f r o m each plate was 
inocula ted to Y T m e d i u m to p u r i f y pla.smid. Then mmiprepara t iDn of pla,smid was 
carried out as the Methods f 2 - l - G - 2 ) . T h e n 5 ; - l f ro: : : each -na : s-i luiion was taken 
TO bo resTiicTcd w k h E c o R l . then loaded on an agarose gel From ihe picture , insert 
size? v.-ere de te rmined . 
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Table 3-21 Res t r ic t ion of Mini -prepared Plasmids 
Sample 1 - 12 13 (A D N A ) 
D N A 5 6 ( 0 . 5 M g /M1 ) 
Buf f e r ( l O x ) 2 2 
Enzyme (5 njlA ) EcoRI : 2 Hind3 : 2 
D . W . 10 10 
RNase 1 
Tota l (/vl ) 20 20 
FlC.3-23 0*1 Plctur» of Leaf cDNA 
* 4ul froB 2ft«l # f m m ^ i ^ - m t t ^ ^ '^^^ loadlne 
« Prom tH* bf ielMMiMI^^IKtiM» < ^ a-ount was assu-ed to 
to be o.S t<lf/ia 
of P l a r a l d s 
* Saaple No.1-12 : Plasalds of double-positive white colonies 
r e s t r i c t e d with EcoRI 
No.13 : XDNA r e s t r i c t e d with Hlnd3. 
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Table 3-22 Size of the Inserts of the Miniprepared Plasmids 
Sample No. M i g r a t i o n Size(b.p.) 
1 6.6 1259 
2 6.7 1122 
3 8.8 398 
4 6.6 1259 
5 6.7 1122 
6 6.3 1.585 
8.1 562 
8 5.8 177 
7.9 678 
9 6.7 1122 
10 6.7 1122 
9.3 316 
11 6.6 1259 
f . i j i08 
12 6.6 '.25'.-' 
7.3 794 
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Several methods have been developed for the construction of cDNA libraries. 
However, all variations of the procedures developed for ds-cDNA cloning start syn-
thesis of a DNA copy of the m R N A ( c D N A ) by using reverse transcriptase, fohowing 
a poly(dT) tail addition to prime the copying. 
For the synthesis of the second strand, there are several methods. In the self-
priming method, the most commonly used, the first strand of cDNA serves both as 
template and primer. The loop of the hairpin molecule formed can be specifically 
cleaved with single-strand specific Si nuclease (Efstratiadis and Villa-Komaroff, 
1979). However, the Si nuclease digestion step is widely acknowledged to be a 
major disadvantage in this procedure as i t results in cDNA hbraries with low yields 
of recombinant DNAs that contain fu l l length cDNA sequences (Gubler and Hoff-
man. 1983). Alternatively several methods have been developed in an attempt to 
eliminate the need for the Si nuclease digestion step. In these methods, the -S'end of 
the first strand is tailed wi th dT or dC residues, using terminal transferase and the 
second strand is then synthesized using an ohgo(dA) or oligo(dG) primer respec-
tively w i th E.coli polymerase I (Heidecker and Messing, 1983; Okayama and Berg, 
1982). 
To construct hybrid plasmids. the vector is linearised by a restriction enzyme 
which cleaves once. The ds-cDNA is inserted in this site either by the poly(dA): 
poly(dT)- or ohgo(dG): oligo(dC)- tailing methods or by the use of synthetic DNA 
linkers containing a recognition site for a restriction enzyume attached to the ds-
cDNA by blunt end hgation (Efstratiadis and Villa-Komarofl:, 1979). 
However, homopolymer tailing method has some disadvantages compared to the 
use of linkers. Firstly, in the homopolymer taihng method, the cDNA insert is not 
always easily excisable, whereas in the latter case the insert is readily excisable. 
When po]y(dA);poly(dT)- tail ing is used, the insertion can again be easily excised 
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by SI nuclease in the presence of formamide provided the tail is longer than 50 
base pairs. 01igo(dG );oligo(dC)- tailing has been used to reconstitute certain re-
striction enzyme recognition sequences. For example, enlongating an EcoRI-cleaved 
plasmid wi th an ohgo(dC) ta i l wi l l reconstruct an EcoRI site (Efstratiadis and Villa-
Komaroff, 1979). However, even when the particular tailing strategy is used, the 
insert is excised wi th the homopolymer tails st i l l attached. This may present prob-
lems i f the labelled cDNA is used in hybridisation experiments in which the target 
D N A contams nucleotide tracts complementary to the cDNA tails. Another problem 
is that under the conditions normally used for the terminal transferase reactions, 
homo])olymer tails may be added at internal nicks in the ds-cDNA and may thus 
cause serious losses of cDNA sequences. By contrast, cDNA clones obtained by 
the linker method theorectically contain inserts as long as the starting ds-cDNA 
material. And the transformation efficiency of annealed recombinant plasmids is 
considerably lower than that of covalently closed ones, and consequently, the linker 
method requires a much less amount of mRNA to generate a given number of cDNA 
clones. 
The cDNA synthesis ki t f rom Pharmacia, which has been used in cDNA cloning, 
is designed to produce cDNA wi th cohesive EcoRI ends, for insertion into vector. Us-
ing poly adenylated m R N A as template and oligo d(T)]2-]8 as primer, first-strand 
cDNA synthesis catalysed by Moloney Murine Leukemia Virus reverse transcrip-
tase. Sec.ond-stra.nd synthesis involves a modification of the procedure of Gubler 
and Hoffman (1983), m which RNaseH nicks the RNA strand of the R N A x D N A 
duplex formed m the first step, and DNA polymerase I uses these nicks to replace 
RNA wi th DNA by nick translation. Following second-strand synthesis, Klenow 
fragment is added to ensure that the ends of the cDNA are blunt. To prejjare the 
blunt-ended cDNA for insertion into the EcoRI site of a plasmid vector, an EcoRI 
adaptor is ligated to each end. The design of this adaptor eliminates the need for 
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methylation and EcoRI digestion, normally required at this stage: it is composed 
of two non-self complementary oligonucleotides which form a duplex containing a 
phosphorylated blunt end and a unphosphorylated EcoRI overhang. W i t h this de-
sign, only one adaptor molecule can be ligated to each cDNA terminus, and the only 
products the adaptor can fo rm in competing side reactions are dimers, rather than 
the large multimers formed in conventional linker ligation reactions; this facilitates 
purification of the cDNA from the side-products. 
Once a set of clones has been generated, the clones of immediate interest must be 
selected(transformants containing insertions; transformants containing insertions of 
a particular sequence). Sometimes recombinant clones can be distinguished by loss 
of antibiotic resistance or some other plasmid function of the vectors. In this project, 
p U C l 9 has been used as cDNA cloning vector, and pUCl8 in the preliminary work. 
Plasmids pUClS and pUCl9 are cloning vectors (Norrander et al, 1983). They 
conta.in the Pvu2, EcoRI fragment of pBR322 which carries the ampicillin resistance 
gene (/^-lactamase) and the origin of replication. A Hae2 fragment (coordinates 240-
685) containing a portion of the lacZ gene (/3-galactosidase) and the multiple cloning 
site of the m l 3 m p sequencing vectors has been combined with the pBR322 fragment 
to form the original pUC vector f rom which pUCl8 and pUCl9 are derived. DNA 
fragments may be inserted into the unique restriction sites located in the multiple 
cloning region. Insertion is monitored by the loss of /5-galactosidase activity upon 
transformation of appropriate host strains. Plasmids p l IClS and pUC19 contain 
the same restriction sites m the multiple cloning region but in opposite orientations. 
As menthioned above, in this project, the presence of plasmid in host E.coli was 
detected by the change m phenotype (resistance to Ampicil l in, and the loss of X-gal 
usability). For the confirmation of insert presence and size determination, plasmids 
have been miniprepared and the inserts excised as described in Methods(2-l-G). As 
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simple and quick, two methods based on alkaline extraction have been emploj'ed 
for those purposes. Alkahne extraction exploits the covalently closed circuIar(CCC) 
nature of plasmid DNA and the very high molecular weight of chromosomal DNA. 
When a cell extract is exposed to conditions of alkahne pH in the range of 12.0-12.6, 
linear (chromosomal) DNA wi l l denature but CCC DNA wi l l not. pH adjustment is 
simphfied by using glucose as a buffer. On neutrahzing the extract in the presence 
of a high concentration of salt, precipitation of chromosomal DNA occurs. This 
is because mterstrand reassociations occur at multiple sites owing to the very high 
molecular weight of the DNA, which then leads to the formation of an insoluble DNA 
network. CCC D N A remains in the soluble fraction. The bulk of cellular RNA and 
protein wi l l also precipitate under these conditions i f protein is first complexed with 
an anionic detergent, sodium dodecyl sulphate(SDS) (Birnboim, 1979). 
In one case, colonies which were supposed to be transformants (Table3-12) were 
determined to have no inserts after purification of plasmids and restriction with 
EcoRI followed by agajose gel electrophoresis (Fig.3-17). This failure can be ex-
plained l^y various ways. Firstly, the mRNA might have been impure even after 
purification by oligo(dT) column and Hybond-mAP. The second possibility is tha,t 
mRNA might have been denatured during handling. This may have caused the syn-
thesis of cDNA of very small sizes, thus in the agarose gel electrophoresis, may have 
been difficult to detect. An important fa.ctor which might have contributed to that 
result is the spun column. After the ligation of cDNA to EcoRl adaptors, excess 
and dimerised adaptors were removed by using a spun column (2-2-E). During that 
process, some of the cDNA sample ma,y liave flown around the bed or through any 
crack tha.t may have been present in the bed, and consequently excess and dimerized 
ada]3tors ha.ve been transformed into host cells. 
For the detection of specific transformants, when a probe is available, the most 
straightforward approach is tlie colony hybridisation method. In this method, traus-
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formants are transferred to nitrocellulose filters and grown. The colonies are lysed in 
situ, the D N A is fixed to the filter and then hybridized to the probe. I f a highly pu-
rified n iRNA has been used as template for the synthesis of ds-cDNA, it can be used 
as probe, either by itself (e.g. labelled in vitro wi th ^^^I ) , or after end-labelling with 
^^P following mild fragmentation, or in the form of cDNA. In this project, ds-cDNA 
has been used as probe. For labelling cDNA, random primed DNA labelhng kit 
f rom Boehringer Mannheim has been used (2-3-D). This method of random primed 
D N A labelling developed by Feinberg and Vogelstein (1983, 1984) is based on the 
hybridisation of a mixture of all possible hexanucleotides to the DNA to be labelled. 
The conrplementary strand is synthesized from the 3"'0H termini of the random 
hexaiuicleotide primer using Klenow enzyme. ^"P-dCTP present in the reaction are 
incorporated into the newly synthesized complementary DNA strand. By using this 
ki t , reasonable amount of labelled probes have been generated (Table3-14, 3-15, 
3-17, 3-18). 
An unexpected result f rom the screening was that by an accidental autoclave of 
the filters which had been baked, DNAs fixed on the filters have been destroyed (3-
3-D-3). According to Grunstem and Wallis (1979), most of the DNA is not tightly 
bound to the nitrocellulose filter even after fixation. Therefore, the binding of the 
D N A to the filter might have been weakened and even broken, and the wea.kened 
binding might have been destroyed and washed away during hybridization with the 
probe at high temperature (at 65°C ) and during washing step. 
Nucleic acids are soluble in aqueous solutions primarily because their charged and 
polar jDhosphate groups are solvated by vvater. Any agent that disrupts these nucleic 
acids/water interactions wil l decrease the solubihty because nucleic acids/nucleic 
acids interactions becon:e n:iore im])ortant. The agents most often used for nucleic 
acid ]3recipitation are 1. inorganic salts 2. ethanol. The most conrmonly used 
inorganic salt, sodium acetate, is highly solvated m water and actually reduces 
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phosphate groups available for the water/nucleic acid interaction. However, if the 
amount of nucleic acids is not enough, nucleic acids cannot be precipitated by ethanol 
and salt. In m R N A of pea leaf purification, as described in Results (3-4-C-2) mRNA 
has been failed to precipitate f rom the oligo-(dT) column effluent, due to the low 
concentration of m R N A iii i t . This may have resulted f rom the loss of mRNA 
during the ohgo-(dT) chromatography. When the oligo(dT) resin was chequed with 
standard poly(A) '^ R N A , i t was confirmed that its efficiency was 70% . Thus, after 
twice of column passes, about half of mRNA have been washed away with poly(A)-
R N A . And i t is possible that some of the mRNAs contain only short poly(A) 
sequences which do not bind efficiently to oligo(dT)-cellulose, which is sometimes 
the case wi th plant n iRNA (Gray and Cashmore, 1976). Another major factor which 
must have contributed to the failure is that during handling, much of the mRNA has 
been destroyed by contamination of RNase. As is shown on Fig.3-21, the condition 
of that total RNA was proved to be not good. Therefore, f rom this experience, some 
suggestions can be made: 
1. Start the m R N A purification from enough amount of cellular materials. 
2. Use carrier (e.g. glycogen) to precipitate small amount of mRNA. 
As shown in Results (Table 3-20), 14 cross positive colonies have been iden-
tif ied. I t was 16% out of the 88 positive colonies against pea pod cDNA probe, 
and respectively 18% of the 79 colonies showed positiveness a.gainst pea leaf cDNA 
probe. Obviously, these colonies may contain chloroplast genes. And chloroplast 
gene products identified so far function either in photosynthesis or as components 
of the chloroplast protein synthesising system (Palmer, 1986). The pea chloro-
plast genome consists of a single circular molecule of size about 120Kb (Palmer and 
Thompson, 1981). Chloroplast DNA from the majority of species studied contains 
a large inverted repeat sequence of 22-2.5Kb, part of which codes for rRNA genes. 
However, interestingly pea chloroplast lacks inverted sequences even though it is 
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reported to possess two copies of the RNA genes which may be repeated in tandem. 
So, the possibility of appearances of repeated sequences can be ruled out. Secondly, 
some of the cross-positive coloiries may contain genes of nucleus whose products are 
involved in photosynthesis. For example, small subunit of ribulose-l,5-bisphosphate 
carboxylase (RuBisCo) is coded by a small family of nuclear genes, and they can 
be contained in those cross-positive colonies. In Table 3-16, 88 colonies have been 
identified as positive against ^^P-labelled cDNA probe of pea pod. These colonies 
represent genes which are abundant in pea pod. Since the pea pod sample had been 
harvested at the early stage of development, these colonies may contain genes or 
part of genes which are relavant to seed development. Among these transformed 
colonies strongly hybridising ones to cDNA probe of pea pea were selected and plas-
mid "minipreps" were made (Fig.3-18). Southern blots of cDNA inserts, excised 
f rom the recombinant plasmids, strongly hybridised pea pod cDNA probe, further 
confirming the presence of cDNA inserts (Fig.3-19). For the further study, as one 
of the principal use of cDNA cloning is to isolate specific genes, f rom this collection 
of cDNA clones, individual genes can be isolated and characterised. The cDNA in-
serts can be used to prepare and identify complementary mRNAs by hybrid-selected 
translation. In one study, the transcription of storage protein genes was detected 
in leaf tissue (Gatehouse ei al., 1982), although i t was in very low level. Storage 
proteins have not been detected in other tissues than pea cotyledons. Therefore, if 
the cDNA library is screened with pea storage protein mRNAs(or cDNAs), it will be 
very helpful to determine whether the expression of seed specific genes was regulated 
by only transcriptional control or there are some other forms of regulation. 
The knowledge of gene expression will contribute significantly to the understand-
ing of the structure and function of gene products, eventually to the function and 
development of pea pod. And comparison with pea seed genes wil l provide wide 
range of ways to the understanding of pea storage protein develo]Dment. 
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s u ni m a r v 
1. A cDNA library has been constructed f rom pea pod mRNA which had been 
extracted by hot SDS method and purified through oligo-(dT) chromatography. 
cDNA was synthesised by using the cDNA synthesis ki t f rom Pharmacia. The ki t 
was designed to produce cDNA wi th cohesive EcoRI ends, for insertion into vector. 
For the second-strand synthesis, RNase H was used to nick the R N A strand of the 
R N A x D N A duplex formed in the first-strand synthesis, and DNA polymerase re-
placed RNA wi th DNA by nick translation. By this method, high yields of ful l length 
cDNA sequences was tried, eliminating the disadvantage of Si nuclease digestion, 
the most commonly used method. 
2. The cDNA hbrary was screened with pea pod cDNA and pea leaf cDNA 
probes. 88 clones of the library hybridised to pea pod cDNA probe, among these 
clones strongly hybridising ones were selected and plasmids were miniprepared, after 
digestion with EcoRI, they were analysed by an agarose electrophoresis and the pres-
ence of inserts was confirmed. Southern blots of these inserts, strongly hybridised 
to the pea ])r,cl ])robe, further confirming the presence of cDNA inserts. Whereas 
79 colonies of the library hybridised to the leaf cDNA probe and 14 out of them 
were confirmed to have hybridised to both of probes. 11 colonies among them were 
selected and plasnnd mimpreps were made, then digested with EcoRI, ana.lysed by 
a.n agarose gel electrophoresis, confirming the presence of inserts. These colonies 
may contain chloroplast genes a,nd i t is possible that some of them contain genes of 
nucleus whose products are involved in photosynthesis. 
3. As storage proteins have not been detected in other tissues than cotyledons, if 
the cDNA library is screened with pea storage protein mRN.As (or cDNAs), i t will be 
very helpful to determine whether the expression of seed specific genes is regulated 
by only transcriptional control or there are some other forms of regulation. 
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4. R N A can be readily precipitated by ethanol and inorganic salts. However, in 
low concentration, i t wa.s difficult to be precipitated. Two seggestions were made to 
avoid this problem in the purification of n iRNA. 
(1) . Start the m R N A purification f rom enough amount of cellular materials. 
(2) . Use carrier (e.g. glycogen) to precipitate small amount of mRNA. 
5. The cDNA library can be screened to find out specific genes. And the cDNA 
inserts can be used to prepare and identify complementary mRNAs by hybrid-
selected translation. 
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